UNCLASSIFIED 


AD  NUMBER 


AD878569 


NEW  LIMITATION  CHANGE 
TO 

Approved  for  public  release,  distribution 
unlimited 


FROM 

Distribution:  Further  dissemination  only 
as  directed  by  U.S.  Aviation  Systems  Test 
Activity,  Edwards  AFB,  CA  93523,  Oct  1970, 
or  higher  DoD  authority. 


AUTHORITY 


USAAVSCOM  ltr,  12  Nov  1973 


THIS  PAGE  IS  UNCLASSIFIED 


fib- 87 ?  S  ^ 


AD 

RDTE  PROJECT  NO. 

USAAVSCOM  PROJECT  NO.  68-30 
USAASTA  PROJECT  NO.  68-30 


AIRWORTHINESS  AND  FLIGHT  CHARACTERISTICS  TEST 


PRODUCTION  OH-58A  HELICOPTER 
UNARMED  AND  ARMED  WITH 
XM27E1  ARMAMENT  SUBSYSTEM 


STABILITY  AND  CONTROL 
FINAL  REPORT 


WILLIAM  A.  GRAHAM,  JR. 
LTC,  TC 
US  ARMY 

PROJECT  OFFICER/PILOT 

EMMETT  J.  LAING 
PROJECT  ENGINEER 

PAUL  G.  STRINGER 
MAJ,  CE 
US  ARMY 
PROJECT  PILOT 


OCTOBER  1970 


US  ARMY  AVIATION  SYSTEMS  TEST  ACTIVITY 
EDWARDS  AIR  FORCE  BASE,  CALIFORNIA  93S23 


TWU  duuuuiwui  tu.4  upprCY%3~ | 

lot  pu.L'Jr  .v  j  r.rtU; 

dULlhutioa  l*  »:mU.mlUid. 


appro**!  I 
Uo;  it»  I 


DISCLAIMER  NOTICE 

The  findings  in  this  report  arc  not  to  be  construed  as  an  official 
Department  of  the  Army  position  unless  so  designated  by  other  auth¬ 
orized  documents. 


DDC~  AVAILABILITY  NOTICE 


US  military  ncics  may  obtain  copies  of/fhis  rcporp^dircctly  from 
DDC.  Othe^'qualified  users  shall  requp^t  through/die  Commanding 
General^tjs  Army  AviaH/m  Systems  Cqjimand  (USAA^COM)  ,  ATT^r"'AMSAV - 
R-F,— PO  Box  209,  St^/f!ouis,  Missoi, 

REPRODUCTION  LIMITATIONS 


cept  with 
COM,  A'lTN: 
is  autho 
purpo 


is  prohibited  ex- 

tii,  USAAVS- 
DDC 
«pt 


DISPOSITION  INSTRUCTIONS 


Destroy  this  report  when  it  is  no  longer  needed.  Do  not  return  it 
to  the  originator. 


TRADE  NAMES 

The  use  of  trade  names  in  this  report  does  not  constitute  ari  offi¬ 
cial  endorsement  or  approval  of  the  use  of  the  commercial  hardware 
and  software. 


RDTE  PROJECT  NO. 

USAAVSCOM  PROJECT  NO.  68-30 
USAASTA  PROJECT  NO.  68-30 


AIRWORTHINESS  AND  FLIGHT  CHARACTERISTICS  TEST 

PRODUCTION  OH-58A  HELICOPTER 
UNARMED  AND  ARMED  WITH  XM27EI  ARMAMENT  SUBSYSTEM 


STABILITY  AND  CONTROL 


FINAL  REPORT 


WILLIAM  A.  GRAHAM,  JR, 
LTC,  TC 
US  ARMY 

PROJECT  OFFICER/PILOT 

EMMETT  J.  LAING 
PROJECT  ENGINEER 

PAUL  G.  STRINGER 
MAJ,  CE 
US  ARMY 
PROJECT  PILOT 


OCTOBER  1970 


US  ARMY  AVIATION  SYSTEMS  TEST  ACTIVITY 
EDWARDS  AIR  FORCE  BASE,  CALIFORNIA  93523 


ABSTRACT 


Stability  and  control  tests  were  conducted  on  a  production  model 
0H-58A  helicopter  to  evaluate  its  flying  qualities  in  the  unarmed 
configuration  and  in  an  armed  configuration  with  the  XM27E1  weapon 
system.  Limited  testing  was  also  performed  to  evaluate  the  heli¬ 
copter  ; lope  landing  capabilities  and  flying  qualities  with  skis 
installed.  Human  factors  and  maintainability  characteristics  were 
noted  throughout  the  evaluation.  Testing  was  performed  by  the 
US  Army  Aviation  Systems  Test  Activity,  Edwards  Air  Force  Base, 
California,  between  6  October  1969  and  16  February  1970.  The  test¬ 
ing  consisted  of  89  flights  which  totaled  85.3  hours  of  productive 
flight  testing.  There  were  no  deficiencies  recorded.  Eighteen 
shortcomings  are  reported.  Difficulty  in  maintaining  precise 
directional  control  during  hovering  flight  is  a  shortcoming  which 
warrants  improvement  on  a  priority  basis.  This  shortcoming  requires 
excessive  pilot  effort  and  degrades  the  accuracy  in  firing  of  the 
XM27E1  armament  subsystem.  It  is  recommended  that  a  caution  note 
be  placed  in  the  operator's  manual  warning  against  hovering  in  a 
tail  wind  in  excess  of  30  knots.  The  capability  of  landing  on  a 
10-degree  slope  was  marginal  but  is  not  considered  to  be  a  short¬ 
coming.  Flying  qualities  of  the  aircraft  with  skis  installed  were 
satisfactory.  Maintainability  of  the  helicopter  was  excellent 
throughout  the  test  program. 
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FOREWORD 


Throughout  the  OH-58A  stability  and  control  Lusting,  technical 
support  was  provided  under  contract  by  the  airframe  manufacturer, 
Bell  Helicopter  Company,  Fort  Worth,  Texas,  and  the  engine  manu¬ 
facturer,  Allison  Division  of  General  Motors  Corporation,  Indian¬ 
apolis,  Indiana.  Instrument  calibration,  emergency  fire  fighting, 
scientific  photography  and  medical  support  were  provided  by  the 
US  Air  Force  Flight  Test  Center,  Edwards  Air  Force  Base,  California. 
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INTRODUCTION 


BACKGROUND 

1.  A  limited  engineering  flight  test  of  the  Bell  Monel  206A 
helicopter  (Jolkanger)  was  conducted  during  the  US  Army 
Light  Observation  Helicopter  (LOU)  procurement  competition 
from  September  through  December  1967.  The  Beil  Helicopter 
Company  (IllIC)  of  Fort  Worth,  Texas,  was  subsequently  awarded 
a  production  contract  to  build  a  modified  version  of  the. 

Model  206A  with  the  military  designation  0H-58A. 

2.  During  the  period  from  26  June  1969  through  9  July  1969,  the 
Army  Preliminary  Evaluation  (APE)  of  the  01I-58A  was  conducted  at 
the  13HC  facility.  This  APE  consisted  of  limited  quantitative  and 
qualitative  stability  and  control  testing  with  the  OH-58A  in 

the  armed  scout  configuration,  as  defined  in  the  detail  specifi¬ 
cation  (raf  1,  app  1).  Thirteen  test  flights  wore  performed, 
totaling  9.1  productive  hours. 

3.  On  7  August  1968,  the  US  Army  Aviation  Test  Activity  (USAAVNTA), 
now  the  US  Army  Aviation  Systems  Test  Activity  (USAASTA) ,  was 
directed  (ref  2,  app  1)  by  the  US  Army  Aviation  Systems  Command 
(USAAVSCOM)  to  conduct  Airworthiness  and  Flight  Characteristics 
(A&FC)  testing  on  the  0H-58A  helicopter.  The  testing  was  divided 
into  two  phases:  Performance,  and  Stability  and  Control,  with 
separate,  reports  required  for  each  phase.  Performance  testing 

was  completed  in  January  1970,  and  the  final  report  was  published 
in  1970  (ref  3).  This  report  contains  the  final  results  of  the 
stability  and  control  testing. 

TEST  OBJECTIVES 

4.  The  objectives  of  the  OU-58A  stability  and  control  tests  were 

to  determine  the  capability  of  the  helicopter  to  perform  its  Intended 
mission,  and  to  verify  compliance  with  the  requirements  of  the 
military  specification  (mil  spec)  M1L-I1-8501A  as  amended  by  devi¬ 
ation  19  of  the  detail  specification  (ref  4,  app  I).  Special  tests 
wore  conducted  to  evaluate  the  aircraft's  handling  qualities 
during  firing  of  the  XM27E1  armament  subsystem  and  under  various 
conditions  with  skis  lastoned  to  the  skid  landing  gear.  A  quali¬ 
tative  analysis  was  performed  to  determine  the  slope-landing 
capability  of  the  011-58A,  maintenance  characteristics  and  human 
factors  relating  to  the  helicopter.  Specification  compliance  was 
determined  both  with  the  XM27E1  armament  subsystem  Installed  and 
removed. 


DESCRIPTION 


5.  The  01I-58A  light  observation  helicopter  has  a  single  main 
rotor,  and  an  antitorque  tail  rotor  which  are  two-bladed,  semirigid 
and  teetering.  The  tail  rotor  also  has  a  delta  three  hinge.  The 
cockpit  provides  side-by-side  seating  for  a  crew  of  two  (pilot 

and  copilot/observer) ,  and  the  cargo  compartment  has  seats  for  two 
passengers.  Dual  flight  controls  are  provided.  The  cyclic  and 
collective  controls  are  hydraulically  boosted  and  irreversible,  while 
the  antitorque  tailrotor  control  is  unboosted.  The  main  landing 
gear  consists  of  fixed,  energy-absorbing  skids.  The  helicopter 
is  powered  by  an  Allison  T63-A-700  free  gas  turbine  engine  with  a 
takeoff  power  rating  of  317  shaft  horsepower  (shp)  under  sea-level 
(SL) ,  standard-day  uninstalled  conditions.  The  main  transmission 
has  a  rating  of  270  shp  for  continuous  operation  with  a  takeoff 
power  limit  of  317  shp  (5-minute  rating) .  More  detailed  aircraft 
Information  may  be  found  in  reference  5,  appendix  I. 

6.  The  XM27E1  armament  subsystem  consists  of  one  XM134  high  rate 
7.62  millimeter  (mm)  (GAU-2B/A)  with  mount,  feed  system  and 
ammunition  boxes,  and  one  XM70E1  weapon  sight.  The  armament  sub¬ 
system  is  mounted  on  the  left  side  of  the  helicopter  near  the 
longitudinal  center  of  gravity  (eg).  The  XM134  gun  is  adjustable 
in  elevation  from  5  degrees  above  to  20  degrees  below  waterline  (WL) 
zero  and  is  operated  by  either  the  pilot  or  copilot/observer.  It 
will  fire  at  either  2000  or  4000  rounds  per  minute  (rds/min).  The 
ammunition  capacity  is  2000  rounds. 

SCOPE  OF  TEST 


7.  Stability  and  control  tests  on  the  OH-58A  were  conducted  at 
forward  flight  speeds  ranging  from  30  to  129  knots  calibrated 
airspeed  (KCAS) .  Hover  and  sideward  and  rearward  flight  testing 
was  also  performed.  Approximate  gross  weights  (grwt)  ranged 
from  2245  to  2990  pounds  at  density  altitudes  from  sea  level  to 
15,000  feet.  The  longitudinal  center  of  gravity  (eg)  was  varied 
front  full  forward  to  full  aft. 

8.  Testing  was  conducted  in  the  armed  configuration  and  with  the 
XM27E1  armament  subsystem  removed.  The  flying  qualities  of  the 
helicopter  with  the  pilot  door  and  the  two  passenger  doors  removed 
were  evaluated  and  compared  with  the  doors-ou  configuration. 

9.  Tasting  was  conducted  in  California  at  Bishop  (elevation 

4.112  feet),  Coyote  Flats  (elevation  9500  feet),  Shafter  (elevation 
420  feet),  and  Edwards  Air  Force  Base  (elevation  2302  feet).  The 
test  program  was  conducted  from  October  1969  to  February  1970  and 
consisted  of  89  flights  totaling  85,3  productive  flight  hours. 
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METHOD  OF  TEST 

10.  The  test  methods  utilized  are  outlined  in  the  test  plan  (ref  6, 
app  I)  and  are  discussed  further  in  the  Results  and  Discussion  sec- 
cion  of  this  report.  All  testa  were  conducted  under  nonturbulent 
atmospheric  conditions  to  preclude  uncontrolled  disturbances  from 
influencing  the  tost  data. 

11.  An  OH-58A  helicopter  (S/N  68-16706)  was  equipped  with  sensitive 
calibrated  instruments.  A  detailed  list  of  the  recorded  parameters 
is  presented  in  appendix  11,  The  pilot's  comments  were  used  to  aid 
in  the  analysis  of  data  and  to  assist  in  the  overall  qualitative 
assessment  of  the  flying  qualities  of  the  0H-58A.  The  Handling 
Qualities  Rating  Scale  (HQRS)  is  included  as  appendix  III. 


CHRONOLOGY 

12.  The  chronology  of  this  test: 

Test  directive  issued 
Test  plan  published 
Teat  helicopter  received 
First  stability  and  control 
A&FC  testing  completed 
Draft  report  submitted 


7  August  1968 
May  .1969 

7  August  1969 
flight  G  October  1969 

16  February  1970 
June  1970 
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RESULTS  AND  DISCUSSION 


STATIC  LONGITUDINAL  STABILITY 

13.  Static  1  itudinal  collective-fixed  stability  and  static 
trim  charac  ..la  tics  tests  were  performed.  The  static  longitudinal 
stability  of  the  helicopter  was  evaluated  in  level  flight  and  climb 
by  varying  the  airspeed  in  increments  of  approximately  7  knots 
using  the  longitudinal  cyclic  control  while  maintaining  the  collective 
fixed  at  the  trim  position.  Control  positions  were  recorded 
while  the  helicopter  was  stabilized  at  each  incremental  airspeed 
above  and  below  the  trim  airspeed.  Summary  plots  of  the  collective- 
fixed  curves  are  presented  in  figure  1,  appendix  IV,  and  show  the 
effects  of  changes  in  density  altitude  (Hp) ,  gross  weight  (gr't), 
helicopter  configuration,  flight  condition  and  eg.  Detailed  data 
plots  showing  the  results  of  the  collective-fixed  testa  are  presented 
in  figures  2  through  9.  The  level-flight  conditions  are  listed  in 
table  1.  Collective-fixed  tests  were  also  conducted  in  climbs. 


Table  1.  Static  Longitudinal  Collective-Fixed 
Stability  Flight  Test  Conditions. 


Configuration 

Density 

Altitude 

(ft) 

Gross 

Weight 

(lb) 

Center 
of  Gravity 
(in.) 

Armed 1 

880 

2,660 

105.8  (fwd) 

Armed 1 

6,360 

2,660 

106.7  (fwd) 

Armed 1 

15,030 

2 ,665 

106.7  (fwd) 

Armed 1 

5,960 

2,900 

106.1  (fwd) 

Armed 1 

6,290 

2,950 

112.1  (aft) 

Armed2 

6,090 

2,680 

106.4  (fwd) 

Clean1 

5,990 

106.2  (fwd) 

Clean1 

6,040 

mm 

111.0  (mid) 

1  Doors  on. 

2 Doors  off. 
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14.  Static,  longitudinal  trim  characteristics  were  investigated  by 
measuring  control  displacement  at  trim  conditions  in  level  flight, 
autorotation  and  climb.  Airspeed  was  varied  in  increments  of  approxi¬ 
mately  10  knots  by  changing  power.  These  data  arc  summarized  in 
figure  10,  appendix  IV,  and  presented  in  detail  In  figures  11  through 
18.  Flight  conditions  anu  helicopter  configurations  for  the  tests 
were  approximately  the  same  as  those  listed  in  table  1. 


Collect! ve-Flxed  Characteristics 


15.  The  longitudinal  control  position  gradient  with  airspeed  was 
stable  (negative)  for  all.  flight  conditions  during  the  collective-fixed 
testing  although  the  position  gradient  was  weak  (shallow  slope)  for 
the  2340-pound  grwt,  mid  eg  condition  at  a  level-flight  trim  speed 

of  59  KCAS  (fig.  1,  app  IV).  A  shallow  position  gradient  results 
in  a  lack  of  control  displacement  cue  as  airspeed  changes;  however,  in 
this  case,  it  was  not  of  such  a  reduced  magnitude  as  to  be  objectionable 
to  the  pilot  (11QRS  3).  Since  a  linear  relationship  exists  between 
the  longitudinal  control  force  and  the  control  position  when  the 
force  trim  is  turned  ON,  the  control  force  gradient  was  also  negative 
for  all  force-trim  ON  flight  conditions. 

16.  No  clearly  defined  trend  was  exhibited  by  the  effects  of  density 
altitude  on  the  collective- fixed  static  longitudinal  stability.  At 

the  lowest  tost  altitude  (880-ft  lip),  as  shown  in  figure  1,  appendix  IV, 
there  was  a  more  negative  position  gradient  than  for  the  6360-foot  lip. 

At  airspeeds  above  65  KCAS ,  however,  the  highest  test  density  altitude 
(15,030  ft)  also  resulted  in  a  gradient  which  reflected  more  static 
stability  than  at  the  6360-foot  Hp  condition. 

17.  The.  effects  of  center  of  gravity  on  the  collective-fixed  static 
longitudinal  stability  in  level  flight  were  well  defined.  The  stability 
was  less  with  aft  eg  locations.  The  helicopter  exhibited  more  negative 
gradients  with  Increasing  gross  weights.  Removal  of  the  doors  had  no 
noticeable  affect  on  static  longitudinal  stability.  Removal  of  the 
weapons  system,  however,  resulted  in  a  more  negative  gradient  (fig.  1, 
app  IV) .  The  combined  effects  uf  changing  the  individual  parameters 
discussed  above  are  shown  in  figure  A.  In  this  figure,  the  least 
negative  stability  gradient  (2340-lb  grwt  and  mid  eg)  is  compared  with 
the  most  stable  configuration  tested  (2620-lb  grwt  and  fwd  eg). 

18.  For  several  flight  conditions,  as  shown  in  figure  1,  appendix  J.V, 
the  longitudinal  stability  gradient  for  climb  was  greater  than  that 
for  level  flight.  For  all  flight  conditions,  the  climb  gradient  was 
at  least  equal  to  the  level-flight  gradient. 
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FIGURE  A 


COLLECTIVE  FIXED  LONGITUDINAL 

STABILITY 

CURVE 

NUMBER 

CG 

-IN 

GROSS 

WEIGHT 

-LB 

DENSITY 

ALTITUDE 

-FT 

CONFIGURATION 

1 

106,2  IFWDj 

2620 

5990 

CLEAN  (DOORS  ON! 

2 

2340 

6040 

CLEAN  (DOORS  ON 

Static  Longitudinal  Trim  Characteristics 

19.  Figure  10,  appendix  IV,  is  a  summary  plot  which  shows  the  results 
of  the  tests  that  determined  the  control  positions  in  forward  level 
flight,  climb  and  autorotation.  A  comparison  of  the  weakest  control 
position  gradient  with  the  most  negative  gradient  is  shown  in  figure  B. 

20.  In  the  static  trim  characteristics  tests,  as  in  the  collective- 
fixed  test,  the  control  position  gradients  became  less  negative  as 
the  eg  was  moved  aft  or  gross  weight  was  decreased  (fig.  10,  app  IV). 
The  weakest  gradient  for  each  configuration  was  evident  in  autorota¬ 
tion.  The  difference  between  climb  and  level  flight  was  negligible. 
Varying  the  helicopter  configuration  from  the  clean  to  the  armed 
configuration  or  by  removing  the  doors  had  a  negligible  effect  upon 
the  static  longitudinal  trim  characteristics.  For  all  configurations 
tested,  the  longitudinal  control  position  gradient  approached  zero 
between  20  and  30  KCAS.  Positive  gradients  were  found  to  exist  at 
lower  forward  speeds  (see  discussion  on  low-speed  forward  flight  under 
the  heading:  Sideward  and  Rearward  Flight,  paragraph  58).  All  control 
margins  were  adequate  and  met  the  requirement  of  the  mil  spec  at  the 
forward  eg;  however,  at  two  conditions  (figs.  15  and  17),  a *-  a  mid 

and  an  aft  eg,  the'm'l  spec,  forward  longitudinal  control  margin 
requirement  of  10  percent  remaining  was  reached  at  120  KCAS.  The  data 
indicate  that  this  control  margin  could  not  be  achieved  at  light  grwt, 
full  aft  eg  conditions. 
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FIGURE  B 


LONGITUDINAL 

CONTROL  GRADIENTS 

CURVE 

NUMBER 

CG 

~IN 

GROSS 

WEIGHT 

~LB 

DENSITY 

ALTITUDE 

"FT 

CONFIGURATION 

1 

105.9(FWD) 

2695 

6040 

CLEAN 

(DOORS  ON] 

2 

11 1.1  (MID) 

2360 

6030 

CLEAN 

(DOORS  ON] 

21.  At  the  highest  airspeed  tested  (approximately  90  KCAS),  autoro¬ 
tations  required  2  to  3  inches  more  aft  cyclic  stick  displacement 
than  did  climbs.  The  longitudinal  cyclic  deviation  between  autorota¬ 
tion  and  climb  exceeded  the  3-inch  limit  (para  3.2.10.2  of  the 
mil  spec  for  three  test  conditions  at  90  KCAS  (figs.  12,  17  and  18, 
app  IV).  Since  the  helicopter  configuration,  eg,  and  gross  weight 
were  different  for  each  of  the  three  instances,  no  consistent  trend 
could  be  defined.  It  was  noted  that  for  several  other  conditions 
tested,  the  longitudinal  cyclic  deviation  between  climb  and  autoro¬ 
tation  approached  the  limit  of  the  mil  spec  at  the  highest  airspeed 
tested.  Qualitatively,  however,  this  deviation  was  not  objectionable 
to  the  pilot  during  flight. 
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22.  There  was  generally  less  than  1  inch  of  lateral  cyclic  vari¬ 
ation  between  climb  and  autorotation.  Pedal  displacement  between 
climb  and  autorotation  varied  from  1  to  2  inches.  Variations  in 
the  lateral  cyclic  movement  and  pedal  travel  with  changes  in  air¬ 
speed  were  insignificant.  The  mil  spec  requirements  (para  3.3.17) 
for  the  lateral  cyclic  travel  were  satisfied. 

23.  A  few  minor  problems  were  encountered  during  the  static  longi¬ 
tudinal  stability  testing.  It  was  difficult  to  maintain  precise 
rotor  rpm  control  during  autorotation,  ia}  small  variations  in  pitch 
attitude  or  sideslip  angle  would  cause  large  fluctuations  in  rotor 
speed  (±20  rpm).  This  condition  should  not  pose  a  problem  for  normal 
mission  accomplishment.  Coptrol  of  rotor  speed  in  autorotation  was 
considerably  easier  at  a  15,000-foot  Hq  than  at  6000  feet.  Also,  it 
was  easier  to  stabilize  on  level-flight  points  at  the  higher  alti¬ 
tude.  During  the  low-speed  testing  (below  40  knots  indicated  air¬ 
speed  (KIAS)),  stabilized  flight  was  relatively  difficult  to  maintain 
because  of  the  apparent  influence  of  the  aircraft  long-period  mode 
and  a  slight  Dutch-roll  oscillation  which  occurred  occasionally 
(discussed  more  fully  under  the  heading:  Static  Lateral-Directional 
Stability) . 

24.  For  all  flight  conditions,  cyclic  control  forces  could  be 
easily  reduced  to  zero  by  the  use  of  the  force  trim  system.  "Stick 
jump"  (an  unwanted  control  motion  resulting  from  pressing  the  force 
trim  button  while  a  force  is  being  held  against  the  cyclic  control) 
was  negligible  during  the  flight  testing.  There  was  no  evidence  of 
cross-coupling  between  the  cyclic  and  the  collective  controls 
during  flight  with  the  boost  ON‘.  Notwithstanding  the  mil  spec 
noncompliances  mentioned  in  paragraph  21,  the  static  longitudinal 
collective-fixed  and  trim  characteristics  of  the  helicopter  were 
satisfactory  for  all  conditions  tested  (HQRS  2). 


STATIC  LATERAL-DIRECTIONAL  STABILITY 


25.  Static  lateral-directional  stability  was  tested  under  the  flight 
conditions  listed  in  table  2.  The  tests  were  conducted  by  establish¬ 
ing  a  trim  airspeed  with  zero  sideslip  and  varying  the  sideslip  angles 
while  maintaining  constant  airspeed  and  ground  track.  The  boom- 
mounted,  pitot-static  swivel  probe  used  during  the  stability  and 
control  testing,  eliminated  sideslip-induced  errors  in  the  indicated 
airspeed.  Control  positions  were  recorded  for  each  steady-heading 
Bideslip.  The  results  of  the  static  lateral-directional  stability 
tests  are  summarized  in  figure  19,  appendix  IV,  and  presented  in  detail 
in  figures  20  through  29.  A  comparison  between  the  most  stable 
(7.670-lb  grwt,  fwd  eg)  and  the  least  stable  (2360-lb  grwt,  mid  eg) 
lateral  and  directional  control  position  gradients  is  presented  in 
figure  C. 
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FIGURE  C 

STATIC  LATERAL  DIRECTIONAL  STABILITY  GRADIENTS 
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26.  The  directional  control  pedal  position  versus  sideslip  gradient 
was  stable  (negative)  for  all  level  flight  and  climb  flight  conditions 
and  aircraft  configurations  (fig.  19,  app  IV).  The  pedal  position 
gradients  decreased  with  decreasing  gross  weights  and  aft  eg  movement. 
Pedal  position  gradients  increased  with  increasing  airspeed  for  all 
flight  conditions.  Density  altitude  variations  showed  no  clearly 
defined  trend.  The  effect  of  other  test  condition  variables  was  negli¬ 
gible  ( ie ,  doors  and  armament  subsystem  configurations)  upon  the 
level-flight,  static  lateral-directional  stability. 

27.  Bank-angle  gradients  were  essentially  linear  which  indicates 
that  there  were  positive  side  force,  characteristics  for  all  level- 
flight  and  climb  conditions  tested.  Side  force  increased  with 
increasing  airspeeds  and  provided  strong  cues  ns  to  the  directional 
stability  of  the  helicopter. 
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Table  2.  Static  Lateral-Directional  Test  Conditions. 


Configuration 

Altitude 

(ft) 

Center 
of  Gravity 
(lb) 

Flight 

Mode 

Armed 1 

2,735 

105.9  (fwd) 

Level 

Armed 1 

5,980 

2,570 

106.9  (fwd) 

.. 

Level 

Armed1 

5,790 

2,620 

107.0  (fwd) 

Climb , 

autorotation 

Armed1 

14,920 

2,670 

Level 

Armed 1 

6,020 

2,840 

105.6  (fwd) 

Level 

Armed1 

5,930 

2,960 

112.1  (aft) 

Level 

Armed2 

5,990 

2,655 

106.5  (fwd) 

Level 

Clean1 

5,970 

2,650 

105.7  (fwd) 

Clean1 

_ 

6,120 

2,360 

111.1  (mid) 

BB 

1Doors  on. 

1  Doors  off. 


28.  Lateral  cyclic  control  position  gradients  approached  zero  at 
53  KCAS  in  level  flight  and  49  KCAS  in  climb  at  sideslip  angles 
greater  than  30  degrees  both  right  and  left  (fig.  21,  app  IV). 

Although  effective  dihedral  was  weak  at  the  high-sideslip  angle  flight 
conditions,  it  was  not  an  objectionable  characteristic  for  normal, 
operational  flying  at  low-sideslip  angles.  The  effective  dihedral 
was  found  to  increase  with  increasing  gross  weights  and  increasing 
airspeeds.  The  effect  of  varying  the  eg  was  negligible  (fig.  19). 

29.  In  autorotation  at  49  KCAS,  the  pedal-position  gradient 
(fig.  22,  app  IV)  was  essentially  neutral  at  the  zero-sideslip 
point.  For  the  same  flight  condition,  the  lateral  stick-position 
gradient  and  the  dihedral  effect  were  unstable  (negative)  for  sideslip 
angles  greater  than  25  degrees  left,  slightly  stable  (positive) 
between  25  degrees  left  and  30  degrees  right,  and  neutral  above  a 
30-degree  right  sideslip.  In  autorotation  at  85  KCAS,  a  reversal 
(from  positive  to  negative)  in  the  slope  of  the  lateral  control 
occurred  at  sideslip  angles  of  approximately  15  degrees  both  right 
and  left  (fig.  23).  Qualitatively,  this  gradient  reversal  would 

not  be  objectionable  to  the  pilot  during  normal  mission  flying. 
Bank-angle  gradients  found  during  autorotation  indicated  the  presence 
of  a  linear  side  force  characteristic  which  increased  in  magnitude 
with  airspeed.  The  operational  pilot  could  fly  the  helicopter 
inadvertently  in  u  small  degree  of  sideslip  in  either  direction,  while 
performing  a  low  airspeed  autorotation,  because  of  the  combination 
of  a  weak  positive  dihedral  effect  and  a  weak  pedal-position  gradient 
(IIQRS  3).  This  condition  should  not  adversely  affect  mission  accom¬ 
plishment  . 

30.  During  the  static  lateral-directional  stability  testing,  a 
significant  Dutch-roll  oscillation  was  encountered  at  left  sideslip 
angles  of  approximately  5  degrees.  Typical  time  histories  of  the 
oscillation  are  shown  in  figure  D  and  also  in  figure  30,  appendix  IV. 

The  oscillation  was  moderately  damped  at  lower  airspeeds,  but  the 
damping  effect  decreased  as  airspeed  was  increased.  At  the  higher 
airspeeds  the  Dutch-roll  oscillation  was  neutrally  damped.  Damping 
increased  when  the  doors  were  removed  and  when  the  armament  subsystem 
was  not  installed.  The  oscillation  1b  not  likely  to  occur  during  the 
normal  operations  (when  the  helicopter  is  in  a  zero-sideslip  or  slight 
right-sideslip  condition)  except  during  very  turbulent  conditions, 
but  would  be  extremely  objectionable  during  firing  if  the  pilot  inad¬ 
vertently  placed  the  helicopter  in  a  slight  left  sideslip  (IIQRS  4). 

In  such  a  situation  the  firing  accuracy  would  be  significantly  degraded. 
Correction  of  this  shortcoming  is  desirable. 


31.  At  right-sideslip  angles  greater  than  15  degrees  with  airspeed 
at  80  KCAS  or  greater,  a  high-frequency  (21.5  llertz)  vibration  was 
evident  in  the  helicopter.  The  source  of  the  vibration  was  observed 
to  be  a  small  amplitude,  lateral  vibration  about  the  longitudinal 
axis  of  the  upper  vertical  stabilizer.  A  photographic  record  was 
made  of  this  vibration.  The  condition  would  normally  not  be  encoun¬ 
tered  during  nn  operational  situation  where  sideslip  angles  seldom 
reach  this  magni **•■■’*'  and  is  not  considered  a  problem. 

32.  In  general,  overall  static  lateral-directional  flying 
qualities  of  the  On-58A  were  acceptable  (HQRS  4).  The  requirements 
of  paragraph  3.3.9  of  the  mil  spec  were  not  met  in  autorotation 

at  85  KCAS  for  the  lateral  stick  and  pedal  gradients  (fig.  23, 
app  IV),  in  that  the  gradients  were  not  approximately  linear.  Also, 
some  gradients  were  slightly  unstable  (figs.  22,  23,  and  29)  at 
various  airspeeds.  These  characteristics  were  not  objectionable 
in  flight;  however,  the  previously  discussed  shortcoming  accounted 
for  the  relatively  low  pilot  rating  of  the  011-58A  in  static  lateral - 
directional  stability. 


DYNAMIC  STABILITY 

33.  Longitudinal,  lateral,  and  directional  dynamic  stability 
characteristics  of  the  helicopter  wore  tested  at  approximately  the 
same  conditions  as  listed  in  table  3.  Representative  results  are 
presented  as  time  histories  in  figures  31  through  36,  appendix  IV. 

34.  The  longitudinal,  long-period  dynamic  stability  characteristics 
were  evaluated  by  stabilizing  the  helicopter  at  trim  airspeed  and 
then  increasing  and  decreasing  the  airspeed  by  desired  increments 
using  only  the  cyclic  control.  The  controls  were  then  returned  to 
the  trim  position,  and  the  helicopter  response  was  observed  by  lire 
pilot  and  recorded  on  an  oscillograph.  The  long-period  oscillatory 
mo do  was  convergent  for  all  level-flight  conditions,  the  dumping 
increased  with  Increasing  airspeed.  In  u  maximum-power  climb,  the 
long-period  mode  was  divergent  at  35  and  49  KCAS,  and  damped  at 

80  KCAS.  The  period  of  the  oscillation  was  approximately  20  seconds 
for  all  flight  conditions.  Damping  was  well  within  the  limits 
of  paragraph  3.2.11  of  the  mil  spec.  There  was  no  control  coupling 
present,  nor  was  rotor  overspeed  a  problem.  The  long-period  mode 
was  easily  excited  at  low  airspeeds  (below  40  KIAS)  during  level-flight 
testa  (para  23);  however,  this  characteristic  should  not  be  detrimental 
to  mission  accomplishment. 
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35.  The  longitudinal  gust  response  characteristics  of  the  helicopter 
wore  tested  by  applying  cyclic  pulse  inputs  to  excite  the  aircraft 
short-period  mode.  The  test  results  are  presented  in  figures  31  and  32, 
appendix  XV.  For  all  conditions  tested,  the  short-period  mode  was 
heavily  damped,  and  the  requirements  of  paragraph  3.2.11  of  the  mil  spec, 
were  met.  The  longitudinal  dynamic  stability  of  the  helicopter  was 
satisfactory  (HQRS  2). 

36.  Lateral  gust  response  characteristics  were  tested  by  applying 
lateral  pulse  inputs  to  the  cyclic  control  (figs.  33  and  34, 

app  IV).  The  spiral  sUibility  characteristics  (ability  of  the 
helicopter  to  return  to  level  flight  after  a  disturbance  in  the 
roll  axis)  indicated  a  neutral  mode.  This  was  most  evident  during 
turbulent  flight  conditions  where  constant,  small  lateral  control 
corrections  were  necessary.  Neutral  spiral  stability  was  accept¬ 
able  for  the  tasks  tested  (IIQRS  3),  although  it  would  be  objec¬ 
tionable  if  the  helicopter  were  to  be  flown  under  instrument  flight 
conditions , 

37.  Pedal  pulse  Inputs  resulted  in  lightly  to  moderately  damped 
yaw  oscillations  (figs.  33  and  36,  app  IV).  Vaw  damping  varied 
directly  with  airspeed  und  varied  inversely  with  altitude.  At 

a  3,000-foot  Hp,  the  yaw  axis  damping  ratio,  determined  by  the 
transient  peak  ratio  method,  was  0.15  at  63  KCAS  and  Increased 
to  0.30  at  108  KCAS,  A  directional  disturbance  usually  resulted 
in  a  slight  nose-down  pitching  of  the  helicopter.  This  character¬ 
istic  was  acceptable  for  the  tasks  being  evaluated.  A  lightly 
damped,  Dutch-roll  oscillation  was  occasionally  generated  by  the 
pedal  pulses.  This  oscillation  was  also  encountered  during  the 
static,  lateral-directional  testing  as  discussed  in  paragraph  30. 

The  dynamic  lateral  and  directional  flying  qualities  were  satis¬ 
factory  for  the  tasks  tested  (IIQRS  3). 


CONTROL  RESPONSE  AND  SENSITIVITY 
General 

38.  The  longitudinal,  lateral  arid  directional  control  response 
(maximum  angular  rate  per  inch  of  control  input)  and  sensitivity 
(maximum  angular  acceleration  per  inch  of  input)  of  the  helicopter 
were  tested  at  the  flight  conditions  listed  in  table  3.  The  step 
input  method  was  used  for  these  tests.  Each  control  was  rapidly 
displaced  and  then  held  firmly  against  a  rigid  fixture  until  the 
maximum  rate  was  reached  or  until  recovery  became  necessary. 
Resultant  attitudes,  rates  and  accelerations  were  recorded  on  an 
oscillograph.  The  results  are  presented  in  figures  37  through  58, 
appendix  IV.  The  helicopter  responded  in  the  propcri direction 
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in  all  axes  complying  with  tho  requirements  of  paragraphs  3.3.16 
and  3.2.9  of  the  mil  spec.  The  control  power  (helicopter  angular 
displacement  per  inch  of  control  input  per  second)  for  all  axes 
met  the  minimum  requirements  of  the  mil  spec. 


Table  3.  Control  Response  and  Sensitivity  Test  Conditions. 


Configuration 

■"  - - 

Density 

Altitude 

(ft) 

Gross 

Weight 

Ob) 

Center 
of  Gravity 
(in.) 

Flight 

Condition 

Armed 1 

-30 

2,655 

106.1  (fwd) 

Hover  OGE2 

Armed 1 

3,910 

2,685 

106.2  (fwd) 

Hover  OGE 

Armed 1 

10,530 

2,510 

109.1  (mid) 

Hover  OGE 

Armed1 ’ 3 

270 

2,960 

106.0  (fwd) 

llover  OGE 

Armed 1 ’ 3 

-930 

2,810 

111.9  (aft) 

Hover  OGE 

Armed 1 

5,960 

2,700 

107.0  (fwd) 

LF4,  C5,  Ar> 

Armed 1 

6,320 

2,865 

105.6  (fwd) 

LF,  C3,  C3 

Armed 1 

6,140 

2,830 

112.0  (aft) 

LF,  C3,  A3 

Armed 1 

14,900 

2 , 660 

106.9  (fwd) 

LF 

Armed1 ’ 3 

3,150 

2,680 

106.1  (fwd) 

LF 

Clean1 ’ 3 

5,720 

2,675 

105.2  (fwd) 

LF,  C,  A 

Armed 3 ’ 7 

5,950 

2,620 

106.4  (fwd) 

LF,  G,  A 

1Doors  on. 

JOut  of  ground  effect. 

3This  condition  was  tested, 
but  the  data  are  not  presented. 


4 Level  flJght:. 
J Climb . 

G Autorotation. 
7 Doors  off. 


Longitudinal 

39.  The  maximum  longitudinal  control  response  could  not  be 
measured  in  hover.  Recovery  inputs  were  required  prior  to  reaching 
l.he  maximum  pitch  rate  in  order  to  avoid  extreme  aircraft  attitudes. 
Therefore,  longitudinal  control  response  In  hover  was  measured 

1  second  after  the  step  input  was  initiated.  The  pitch  rate  decreased 

as  airspeed  Increased  and  ranged  from  10  dcg/sec/in.  (up  and  down) 
in  hover  at  a  3910-foot  lip  to  3.5  dcg/scc/Ln.  (up)  and  4.5  deg/sec/ln. 
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(down)  at  a  5960-foot  Hq  and  115  KCAS.  The  effects  of  different 
gross  weights,  cg's,  density  altitudes  and  flight  conditions  (climb 
and  autorotation)  were  negligible  (figs.  37  and  38,  app  IV).  The 
pitch-axis  rate  damping  met  tha  requirements  of  paragraph  3.2.14  of 
the  mil  spec.  An  Iyy  of  1947  slugs/ft^,  supplied  by  hell  Helicopter 
Company,  was  used  to  determine  this  specification  compliance. 

40.  Airspeed  significantly  affected  the  downward  pitching  sensitivity 
which  ranged  from  15  deg/sec2/in.  in  hover  to  10  deg/sec2/in.  at 
115  KCAS.  The  upward  pitching  acceleration  remained  essentially 
constant.  Moving  the  location  of  the  eg  had  no  noticeable  effect  on 
the  longitudinal  sensitivity.  The  effects  of  different  density 
altitudes  and  flight  conditions  were  also  negligible.  Increasing 
the  gross  weight  from  2690  to  2980  pounds  increased  the  sensitivity 
by  approximately  2  deg/sec^/in.  The  longitudinal  control  response 
and  sensitivity  were  satisfactory  (HQRS  2). 

Lateral 


41.  The  maximum  lateral  control  response  in  hover  was  24  deg/scc/ln. 
at  a  minus  30-foot  HQ  and  exceeded  the  20-deg/sec/in.  limitation  of 
paragraph  3.3.15  of  the  mil  spec  (figs.  39  and  40,  app  IV).  This 
limitation  was  exceeded  at  several  other  flight  conditions  but  was  not 
considered  to  be  objectionable.  At  a  3910-foot  Hq,  it  was  20  deg/sec/in. 
(both  right  and  left).  Lateral  control  response  decreased  at  49  KCAS 

to  approximately  14  deg/sec/in.  (both  right  and  left)  but  increased 
with  additional  increases  in  airspeed  and  measured  22  deg/sec/in. 

(right)  at  115  KCAS.  In  forward  flight,  the  effects  of  different 
helicopter  configurations,  altitudes,  gross  weights  and  cg's  were 
insignificant.  In  a  hover,  however,  the  lateral  response  decreased 
as  density  altitude  increased.  Changing  the  flight  condition  at  a 
constant  airspeed  resulted  in  the  most  significant  variation  in  lateral 
control  response.  At  49  KCAS,  the  rate  varied  from  10  deg/sec/ln. 

(both  right  and  left)  in  autorotation  to  20  deg/sec/in.  (both  right 
and  left)  in  climb.  Level-flight  response  at  49  KCAS  was  13  to 
14  deg/sec/in.  These  variations  are  assumed  to  have  resulted  from 
the  changes  in  rotor  thrust.  The  control  response  increased  as  thrust 
increased.  At  greater  airspeeds,  the  lateral  response  also  varied 
more  between  right  and  left  step  inputs.  The  differences  between 
the  inputs  ranged  from  zero  In  hover  to  4  deg/s ec/in.  at  115  KCAS. 
Although  the  lateral  rate  damping  did  not  meet  the  minimum  requirement 
of  paragraph  3.3.19  of  the  mil  spec,  it  did  comply  with  deviation  19 
of  the  detail  specification  (ref  1,  app  I). 

42.  The  lateral  sensitivity  increased  slightly  with  Increasing 
airspeed  and  ranged  from  30  deg/sec^/in.  (left)  in  hover  to 

34  deg/sec^/in.  (both  right  and  left)  at  115  KCAS.  At  49  KCAS,  the 
acceleration  varied  from  20  deg/sec2/in.  (both  right  and  left)  in 
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autorotation  to  32  deg/ucc2/ln,  (right)  in  climbs.  Levul-fli ghl 
sensitivity  at  49  KCAS  was  26  dug/sec2/in.  (right)  and  24  dcg/see2/ Ln. 
(left),  'l'his  nonlinear  variation  with  airspeed  (which  l.s  similar  to 
the  lateral  response  variation)  was  not  objectionable  to  the  pilot. 
Moving  the  eg  eft  increased  the  lateral  sensitivity  by  approximately 
4  dcg/sec2/in.  Grogs  weight,  density  altitude,  and  helicopter  con¬ 
figuration  effects  were  negligible.  The  lateral  control  response, 
and  sensitivity  are  considered  to  be  satisfactory  (UQRS  2). 


Directional 


43.  The  maximum  directional  control  response  in  hover  could  not 
be  measured  since  the  rate  increased  steadily  with  time,  indicating, 
a  lack  of  yaw  rate  damping  (figs.  57  and  58,  app  IV).  This  char¬ 
acteristic  is  an  undesirable  shortcoming  (11QRS  5),  and  correction 
is  recommended.  Yaw  rate  should  reach  a  maximum  value  quickly, 
dependent  only  upon  the  magnitude  of  the  control  displacement  and 
not  upon  the  duration  of  the  input.  As  a  result  of  the  lack  of  yaw 
rate  damping,  the  time  to  reach  a  maximum  yaw  rate  could  not  be 
measured  as  aircraft  recovery  was  necessary  before  the  maximum  rate 
■/as  attained.  Using  the  "time  constant"  mutnod  of  determining  first 
order  rate  damping, 


whore : 


Damping 


Moment  of  Inertia 
Time  to  0.63  Max  Rate 


the  rate  damping  approached  zero  since  time  to  reach  the  maximum 
rate  was  excessive.  Therefore,  the  minimum  yaw  rate  damping 
requirement  of  paragraph  3.3.19  of  the  mil  spec  was  not  met.  An 
IZS!  of  1534  slugs/ft2  supplied  by  Dell  Helicopter  Company  was  used 
to  determine  this  specification  noncompliance.  The  response  in 
hover  was  measured  1  second  after  the  step  input.  The  maximum 
directional  control  response  measured  occurred  in  hovering  flight 
and  reached  a  value  of  49  deg/sec/in.  for  the  right  pedal  step  Input 


at  a  30- Coot  Uy  (figs.  41  and  42,  app  IV).  The  minimum  directional 
control  response  was  11.0  dog/sec/ In.  to  the  right  and  occurred 
during  forward  flight  at  06  KCAS  and  at  a  14,900-foot  lip.  Airspeed 
was  the  most  significant  variable  which  affected  directional  control 
response  and  sensitivity  at  airspeeds  of  less  than  38  KCAS.  both 
rates  and  accelerations  increased  as  airspeed  decreased.  The  maximum 
control  sensitivity  was  68  deg/see2/in.  (both  rLght  and  left)  which 
also  occurred  in  hover  at  the  same  flight  conditions  as  the  maximum 
control  response.  The  minimum  sensitivity  was  33.5  deg/sec^/in. 

(both  right  and  left)  and  occurred  at  the  same  flight  conditions 
as  the  minimum  response  described  above. 


44.  In  level  flight,  the  rates  and  accelerations  decreased  signifi¬ 
cantly  as  density  altitude  increased.  The  effects  of  different 
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gross  weights,  cg's  or  helicopter  configurations  were  insignificant, 
and  there  was  no  appreciable  variation  between  level  flight,  climb 
and  autorotation. 

45.  Longitudinal  and  lateral  couplings  were  evident  during  directional- 
control  response  testing.  A  slight  downward  pitching  motion  and  a  roll 
in  the  direction  of  the  yaw  resulted  from  the  pedal  step  Inputs,  This 
coupling  would  not  adversely  affect  mission  accomplishment . 


MANEUVERING  STABILITY 

46.  The  maneuvering  stability  characteristics  of  the  helicopter  were 
tested  for  the  flight  conditions  listed  in  table  4.  The  symmetrical 
pull-up  was  the  primary  test  technique  used  during  the  testing.  For 
this  test,  the  helicopter  was  trimmed  in  level  flight  a!,  the  desired 
airspeed  after  which  a  cyclic  pull-up  to  a  slightly  higher  altitude 
was  initiated.  A  dive  was  then  established,  and  the  helicopter  was 
accelerated  to  near  trim  airspeed.  A  symmetrical  pull-up  was  exe¬ 
cuted  so  as  to  pass  through  the  required  trim  airspeed,  altitude, 
pitch  attitude  aud  the  desired  load  factor,  simultaneously.  Longi¬ 
tudinal  a  tick  force  and  normal  acceleration  were  recorded  at  each 
tost  point.  The  results  are  summarized  in  figure  59,  appendix  IV, 
and  presented  in  detail  in  figures  60  through  62.  The  maneuvering 
stability  characteristics  were  spot-checked  during  turns  at  the 
2700-pound  grwt  and  forward  eg.  Tho  results  are  compared  with  corres¬ 
ponding  data  obtained  in  pull-up  maneuvers  shown  in  figure  60. 


Table  4.  Maneuvering  Stability  Flight  Conditions. 


Configuration 

Density 

Altitude 

(ft) 

Gross 

Weight 

(lb) 

Hydraulic 

Boost 

Sys  tern 

Armed 1 

5,230 

2,705 

107.1  (fwd) 

On 

Armed1 

10,950 

2,675 

107.0  (fwd) 

On 

Armed1 

4,950 

2,990 

106.2  (fwd) 

On 

Armed1 

5,350 

mm 

112.2  (aft) 

On 

Armed 1 

5,390 

2,630 

106.9  (fwd) 

Off 

Armed2 

5,080 

2,680 

106.4  (fwd) 

On 

Clean1 

5,200 

2,650 

106.0  (fwd) 

On 

*  Doors  on.  2  Doors  off. 
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47.  The  boost-ON  stick  force  gradient  relative  to  the  acceler¬ 
ation  (Fs/g)  was  positive  for  all  conditions  tested,  iet  a  greater 
uft  cyclic  force  was  required  for  an  increased  load  factor.  The 
force  gradient  depends  entirely  on  the  spring  effect  of  the  force 
trim  system.  The  gradients  became  more  positive  with  increased 
gross  weight  (increasing  from  4.43  lb/g  at  2705  pounds  to  5.83  lb/g 
at  2990  pounds.  The  gradients  also  increased  as  the  eg  was  moved 
forward  (fig.  E) .  Changing  the  airspeed,  altitude  or  helicopter 
configuration  had  no  significant  effect  on  the  stick  force  gradients. 


FIGURE  E 

MANEUVERING  STABILITY 
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CURVE 

NUMBER 

1 

2 

CG 

~>IN 

100.2(FWD) 
11 2.2(AFT  J 

GROSS  DENSITY 

WEIGHT  ALTITUDE 
~LB  ^FT 

2990  4950 

2970  5050 

v-^T)5.83 

LB/G 

10  LB/G 

1.2  1.4  1.6 

NORMAL  ACCELERATION  G'S 


1.8 


48.  The  maximum  normal  acceleration  recorded  was  1.9  g's  at  a 
2650-pound  grwu.  It  was  not  possible  to  reach  the  limit  load  factor 
of  2.8  g's.  Although  stick-force-per-g  gradients  are  light,  it  is 
not  likely  that  the  helicopter  will  be  overstressed  during  normal 
operation  because  of  the  large  pitch  attitudes  required.  The  heli¬ 
copter  did  not  tend  to  noil  In  either  direction  during  symmetrical 
pull-ups,  nor  was  any  rotor  overspeed  encountered.  At  the  highest 
airspeed  tested  (100  KCAS) ,  blade  stall  was  experienced  (as  evidenced 
by  n  severe  2-por-rev  vertical  vibration  during  pull-ups  from  dives). 
This  vibration  was  not  transmitted  through  the  control  system,  and 
adequate  warning  was  provided.  The  effect  was  not  a  problem  at  the 
conditions  tested. 
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49.  Typical  time  history  plots  of  normal  acceleration  during  sym¬ 
metrical  pull-ups  are  shown  in  figure  F  and  also  in  f  l.guro  61,  appen¬ 
dix  IV.  Although  the  normal  acceleration  decayed  slightly  after  an 
initial  rise,  it  then  continued  to  build  and  became  concave  downward 
within  2  seconds  following  the  start  of  the  maneuver.  It  then  remained 
concave  until  maximum  acceleration  was  attained.  This  characteristic 
met  the  requirements  of  paragraph  3.2.11.1  of  the  mil  spec.  The  heli¬ 
copter  stick-force-per-g  characteristics  (boost  ON)  were  satisfactory 
(HQRS  3). 


FIGURE  F 

SYMMETRICAL  PULL  UP 


CG  GROSS  DENSITY 

"IN  WEIGHT  ALTITUDE 

"LB  "FT 


107.0(FWD)  2700  S230 
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50.  The  maneuvering  stability  of  the  helicopter  was  tested  with  the 
boost  OFF  at  a  2650-pound  grwt,  a  5390-foot  HD  and  a  forward  eg  con¬ 
figuration  (fig.  62,  app  IV).  Control  coupling  existed  between  the 
longitudinal  cyclic  stick  and  the  collective  pitch,  ie}  raising  the 
collective  transmitted  a  pull  force  to  the  cyclic  while  lowering 
the  collective  resulted  in  a  cyclic  push  force.  A  qualitative  eval¬ 
uation  of  the  test  results  showed  that  positive  aft  cyclic  forces 
were  required  to  obtain  positive  load  factors;  however,  there  was  no 
consistency  in  the  stick  force  gradient.  Because  of  the  excessive 
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collective  and  cyclic  control  forces,  the  boost-OFF  maneuvering 
characteristics  of  the  helicopter  arc  considered  to  be  satisfactory 
for  emergency  operations  only  (UQRS  6) .  The  correction  of  this 
shortcoming  is  recommended. 


SIDEWARD  AND  REARWARD  FLIGHT 


51.  Sideward,  rearward  and  forward  flight  teats  were'  conducted  to 
determine  the  hovering  capability  in  ground  effect  (IGE)  of  the 
helicopter  in  winds  of  various  speeds  and  azimuths.  Azimuths  were 
varied  in  30-degroe  increments  measured  clockwise  from  the  nose  of 
the  helicopter.  The  test  conditions 'are  listed  in  table  5.  Side¬ 
ward  flights  were  performed  at  airspeeds  up  to  35  knots  true  airspeed 
(KTAS),  and  rearward  flights  were  performed  at  airspeeds  up  to 
30  KTAS  (as  limited  by  ref  1,  app  I) .  Gross  weight  was  varied  from 
2490  to  2980  pounds,  and  density  altitude  was  varied  from  minus  1600 
to  10,530  feet.  The  results  of  the  tests  arc  presented  in  figures 
63  through  76,  appendix  IV. 


Table  5.  Sideward  and  Rearward  Flight  Test  Configurations. 


Configuration1 

Cross 

Weight 

(lb) 

Density 
Altitude 
(ft)  _ 

Center 
of  Gravity 
(in.) 

Armed2 

2,630 

3,770 

106.9  ( fwd) 

Armed2 

2,680 

-10 

106.5  (fwd) 

Armed3 

2,490 

10,530 

108.7  (mid) 

Armed 3 

2,980 

150 

107.5  (fwd) 

Armed3 

2,960 

-1,600 

106.2  (fwd) 

-2.4  (left  lilt) 

Clean3 

2,675 

-970 

106.4  (fwd) 

^oors  on. 

2 Azimuth  sweep  (30-degree  increments ) . 

3Sideward,  rearward  and  forward  (90-dcgree  increments). 


52.  The  capability  of  hovering  in  crosswinds  of  various  speeds  and 
azimuths  was  adequate  for  most  of  the  conditions  tested,  llowver, 
in  left  sideward  flight  at  speeds  from  15  to  25  KTAS  and  wind  azimuths 
of  240  and  270  degrees,  the  helicopter  was  directionally  unstable 


21 


necessitating  large  pedal  force  inputs  to  maintain  a  steady  heading 
(HQRS  6).  Time  histories  of  left  sideward  flight  at  15  KTAS  are  shown 
in  figure  G  and  also  in  figure  76,  appendix  IV.  At  airspeeds  greater 
than  25  KTAS,  the  instability  was  not  evident.  All  control  margins 
wore  adequate  for  both'  right  and  left  sideward  flight  up  to  35  KTAS 
and  complied  with  the  requirements  of  the  mil  spec  (as  amended  by 
ref  1,  app  I).  The  requirement  of  paragraph  3.3.5  of  the  mil  spec  (to 
execute  a  complete  turn  in  each  direction  in  a  35-knot  wind)  was  not 
checked  because  of  the  unavailability  of  a  35-knot  wind.  However,  the 
sideward  and  rearward  flight  data  indicate  that  the  aircraft  does  comply 
with  this  requirement.  The  directional  instability  in  left  sideward 
flight  at  L5  to  25  KTAS  is  a  shortcoming,  and  correction  is  desirable. 

FIGURE  G 

LEFT  SIDEWARD  FLIGHT  AT  15  KTAS 


CG  GROSS  DENSITY 

~IN  WEIGHT  ALTITUDE 

~  LB  -FT 


107.5(FWD)  2980 


150 
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53.  The  position  of  the  cyclic  control  was  uncomfortably  aft  at 
the  higher  rearward  flight  speeds.  At  30  KTAS  with  the  doors  on, 
the  cyclic  came  in  contact  with  the  aft  control  stop  several  times 
while  the  pilot  was  correcting  for  minor  longitudinal  disturbances. 

The  average  margin  of  aft  longitudinal  control  remaining  reached 
the  amended  specification  limit  (ref  1,  app  I)  of  5  percent  at 

30  KTAS,  forward  eg  but  never  exceeded  the  limit  (fig.  75,  app  IV). 

It  is  doubtful  that  the  helicopter  could  hover  in  a  forward  eg 
doors-on  configuration  with  a  tail  wind  that  exceeds  30  KTAS  and 
still  have  the  control  margin  required  to  overcome  possible  nose-down 
pitching.  Hovering  at  such  conditions  is,  therefore,  not  recommended. 
It  is  recommended  that  a  caution  note  be  placed  in  the  operator's 
manual  (ref  5)  warning  against  hovering  in  a  tail  wind  in  exccsB  of 
30  knots. 

54.  There  was  no  resultant  change  of  any  control  margin  caused  by 
the  removal  of  the  gun.  For  all  conditions  tasted,  the  only  effect 
of  moving  the  lateral  eg  to  the  full  left  location  was  that  the 
cyclic  control  had  to  be  moved  1.7  inches  farther  to  the  right  than 
during  the  mid  lateral  eg  location  testing. 

55.  The  effects  of  gross  weight  and  density  altitude  changes  were 
determined  by  varying  the  thrust  coefficient  (C-p) .  At  the  greatest 

C'p  tested  (0.00343),  an  additional  0.7  inch  of  left  pedal  displacement 
was  required  for  all  flight  conditions  as  compared  with  the  lowest 
CT  of  0.00260.  At  35  KTAS  in  right  sideward  flight  at  a  Ct  of  0.00343, 
the  left  pedal  control  margin  reached  5  percent  (fig.  72,  app  IV). 

At  a  greater  Oj;  (increased  grwt  or  higher  Hq),  Lt  would  probably  be 
Impossible  for  the  aircraft  to  comply  with  mil  spec  control  margin 
requirements  for  right  sideward  flight  at  35  KTAS.  The  right  sideward 
flying  qualities  are  satisfactory  for  normal  operation. 

56.  The  wind  azimuths  at  which  the  control  margins  reached  their 
lowest  points  are  listed  in  table  6.  The  critical  azimuths  (headings 
of  the  helicopter  relative  to  the  wind  which  provided  the  minimum  con¬ 
trol  margins)  were  identical  for  all  test  configurations  listed  in 
table  5.  Typical  results  are  shown  for  one  configuration  In  figures 
63  through  69,  appendix  IV. 


Table  6.  Critical  Azimuths. 


Control 

Flight  Condition 

Critical 

Azimuth 

(deg) 

Control  Margin 
Remaining 

True 

Airspeed 

(kt) 

heft  pedal 

Right  sideward 

90 

5 

35 

Aft  cyclic 

Rearward 

180 

5 

30 

23 


57.  Figures  H  and  J  show  the  pedal  and  longitudinal  stick  positions 
at  the  critical  azimuth  conditions  where  the  control  margins  reuchod 
the  amended  specification  limit  of  5  percent  (ref  1,  app  I).  These 
margins  were  encountered  only  during  the  most  critical  conditions  tested 
(eg,  grwt,  Hp,  and  aircraft  configuration). 


FIGURE  H 
SIDEWARD  FLIGHT 
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FIGURE  J 

REARWARD  AND  FORWARD  FLIGHT 
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58.  A  longitudinal  a  tick  reversal ,  which  indicates  a  lack  of 
static  longitudinal  trim  stability,  occurred  from  20  to  30  K'L'AS 
in  low-speed  forward  flight.  The  longitudinal  stick  position 
shifted  aft  0.0  to  0,9  inch,  depending  on  the  configuration,  as 
airspeed  was  increased.  The  longitudinal  stick-position  gradient 
changed  sharply  from  nearly  neutral  at  airspeeds  between  5  KTAS 
rearward  to  highly  negative  (-0.43  in. /let)  at  airspeeds  between 

5  and  10  KTAS  rearward.  At  rearward  airspeeds  exceeding  10  KTAS, 
the  gradient  was  slightly  negative  (-0.037  in. /let).  These  discon¬ 
tinuities  wore  not  objectionable  to  the  pilot  and  are  not  considered 
to  be  shortcomings. 

AUTO ROTATIONAL  ENTRY 

59.  Simulated  engine-failure  tests  (throttle  chops)  were  conducted 
in  level  flight  and  during  maximum-power  climbs  and  maximum-power 
dives  up  to  the  never  exceed  airspeed  (V^e)  in  tho  armed,  doors-on 
configuration.  The  helicopter  was  trimmed  at  a  given  flight  condi¬ 
tion,  and  tho  throttle  was  abruptly  closed  to  the  flight  idle 
position  to  simulate  a  sudden  engine  failure.  Tho  flight  controls 
were  hold  fixed  us  long  as  possible  (up  to  a  maximum  of  2  seconds) 
to  simulate  the  normal  delay  in  pilot  reaction  time  following  an 
actual  engine  failure.  Thu  resultant  maximum  pitch,  roll  and  yaw 
rates  were  recorded  and  plotted,  as  were  tho  rotor  decay  rate 

and  the  time  delay.  The  results  of  these  tests,  which  include  a 
time  history  plot,  arc  presented  in  figures  77  through  80,  appen¬ 
dix  IV.  The  flight  conditions  tested  arc  listed  in  table  7. 


'fable  7.  Autorotational  Entry  Test  Conditions. 


Center 
of  Gravity 
(in.) 

Gross 

Weight 

(lb) 

Density 

Altitude 

(ft) 

Calibrated 
Airspeed  Range 

ao 

106.3  (fwd) 

2720 

3150 

35  to  129 

112.0  (aft) 

2920 

2250 

35  to  129 

112.4  (aft) 

2920 

9850 

35  to  128 

60.  Generally,  the  reaction  of  the  helicopter  following  a  throttle 
chop  was  characterized  by  a  slight  nose-up  pitch  during  the  first 
second  followed  by  a  substantial  nose-down  piLching  motion.  Tho 
initial  upward  pitching  motion  was  hardly  noticeable  in  flight  and 
did  not  exist  at  the  highest  airspeed  (129  KCAS) ,  forward  eg  condition. 
The  secondary  downward  pitching  was  more  pronounced,  particularly 
at  tho  greater  airspeeds. 
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61.  The  reaction  of  the  helicopter  following  the  throttle  chops 
was  also  characterized  by  n  left  yaw  and  loft  roll  in  all  instances. 

The  roll  rates  increased  with  increasing  airspeed,  while  the  yaw 
rates  decreased  as  airspeed  was  increased.  Yuw  rates  at  the  lower 
airspeeds  (during  climb  and  level-flight  testing)  were  high  and 
exceeded  20  deg/sec.  at  the  lower  altitudes.  Control  effectiveness 
in  recovery  was  adequate  in  all  instances. 

62.  It  was  seldom  possible  to  wait  for  a  full  2-second  delay  between 
"rolling  off"  the  throttle  and  lowering  the  collective  control  because 
of  the  rapid  rate  of  rotor  decay.  In  all  Instances,  the  collective 
was  hold  fixed  until  it  became  necessary  to  lower  it  in  order  to 
arrest  the  rotor  docay  rate  at  or  juBt  above  the  minimum  safe  tran¬ 
sient  rotor  speed  of  .304  rpm,  The  time  required  to  fully  reduce  the 
collective  averaged  0.5  second  during  which  an  additional  10  rpm 
were  lost.  This  time  is  not  included  in  the  delay  times  as  presented 
in  this  report.  At  a  2250-foot  Hp  (the  lowest  test  altitude),  the 
maximum  acceptable  time  delay  before  application  of  control  was 

1.86  seconds  (fig.  78,  npp  IV).  The  minimum  time  delay  was  recorded 
at  a  2250-foot  lip  and  was  1.16  seconds  (fig.  78)  during  a  maximum-power 
climb  at  49  KCAS.  At  the  2250-foot  lip  and  at  a  3150-foot  Up,  the 
2-socond  time  delay  requirement  of  paragraph  3.5.5  of  the  mil  spec 
could  not  bo  met.  At  a  9850-foot  lip,  the  mil  spec  requirement 
(para  3.5.5)  was  met  only  for  level-flight  speeds  of  less  than  80  KCAS. 

63.  At  all  altitudes,  the  low-airspeed  (approximately  49  KCAS) 
maximum- power  climbs  resulted  in  the  highest  rate  of  rotor  decay 
after  the  throttle  chop  and  required  rapid  corrective  action  by  the 
pilot.  Maximum  delay  time  at  this  flight  condition  was  1.63  seconds 
at  a  9850-foot  Up  (fig.  79,  app  IV).  After  the  minimum  rpm  was 
reached,  the  rotor  spued  recovery  rate  (rotor  speed  build-up  to 
obtain  a  normal  rate  after  the  collective  is  lowered)  was  slower 
from  climb  throttle  chops  than  from  the  level-flight  and/or  dive 
conditions.  In  level  flight,  the  rotor  speed  decay  rate  increased 
aa  airspeed  increased,  but  the  pilot  response  time  was  not  as 
critical  as  it  wus  during  climb. 

64.  Warning  of  engine  failures  was  adequate  for  all  conditions  tested. 
There  wus  a  distinct  decrease  in  sound  level  as  the  throttle  was 
closed  which  was  accompanied  by  an  Instantaneous  yaw  to  the  left. 

The  slight  Instantaneous  pitching  motion  did  not  provide  an  adequate 
cue.  There  were  no  side  forces  or  normal  acceleration  forces  (posi¬ 
tive  or  negative)  of  sufficient  magnitude  to  bo  objectionable.  Col¬ 
lective  coupling  was  not  observed.  The  average  delay  time  for  all 
conditions  tested  was  acceptable,  but  rapid  pilot  compensation  was 
required  in  climb.  Rotor  speed  response  to  variations  in  collective 
setting  and  airspeed  was  sensitive  and  required  constant  monitoring. 
Rotor  speed  fluctuations  were  not  large,  however,  and  an  inexperienced 
pilot  in  an  actual  emergency  would  probably  have  no  difficulty  keeping 


the  rotor  speed  within  limits.  Although  considerably  more  aft  cyclic 
was  required  in  uutorotatLon  than  in  level  flight  (para  21) ,  control 
margins  were  ample.  The  overall  autoro tat local  entry  characteristics 
of  the  OH-58A  are  satisfactory  (HQRS  3). 


HOVERING  STABILITY 

65.  The  stability  of  the  0H--58A  helicopter  in  a  hover  was  satis¬ 
factory  for  the  pitch  and  roll  axes  but  was  unsatisfactory  in  yaw. 
Excessive  pilot  effort  was  required  to  maintain  preciso  directional 
control  and  to  make  heading  changes.  Control  inputs  which  were 
required  to  compensate  for  heading  disturbances  often  resulted  in 
moderate  pilot-induced  oscillations  (P10) .  The  severity  of  the  PIO 
was  directly  related  to  the  heading  accuracy  required.  The  lack 

of  yaw-rate  damping  (para  43)  required  the  pilot  to  make  control 
inputs  to  compensate  for  any  yaw  disturbance.  Thu  pilot's  task 
in  maintaining  a  heading  was  complicated  by  a  high  pedal  breakout 
force  of  10  to  15  pounds  (measured  in  flight)  which  is  significantly 
out  of  proportion  to  the  breakout  force  in  the  lateral  and  longi¬ 
tudinal  control  systems  (0.5  lb).  In  addition  to  the  largo  breakout 
force,  the  pilot  encountered  a  transient  pedal  force  gradient  which 
was  present  only  while  the  pedals  were  moving.  This  transient  force 
gradient  reached  values  on  the  order  of  100  Ib/in.  These  factors 
combine  to  complicate  the  pilot's  task  of  holding  the  helicopter 
steady  while  in  a  hover  and  during  landing.  The  net  pedal  forces 
were  measured  by  strain  gauges  and  recorded  on  the  oscillograph 
(figs.  76  and  90,  app  IV). 

66.  Landing  in  confined  areas,  such  a3  revetments  and  unimproved 
landing  zones,  requires  precise  directional  control.  Excessive  pilot 
effort  required  to  accomplish  this  basic  task  detracts  from  the  heli¬ 
copter  ability  to  perform  operational  missions.  The  shortcoming  in 
directional  control  during  hover  (HQRS  5)  also  detracts  from  the 
helicopter  accuracy  during  firing  of  the  armament  subsystem  and  could 
adversely  affect  mission  accomplishment.  Correction  is  recommended 
on  a  priority  basis. 


ARMAMENT  I?  [RING 

67.  The  XM27E1.  armament  subsystem  wus  fired  at  representative 
conditions  of  flight  to  determine  its  effect  on  the  stability  and 
control  of  the  hell  opter.  The  results  are  presented  in  figures  81 
through  84,  appendix  IV.  Reaction  to  firing  the  weapon  resulted 
In  attitude  changes  in  pitch,  roll  and  yaw.  These  attitude  excur¬ 
sions  and  the  Imprecise  helicopter  response  to  pilot  efforts  in  cor¬ 
recting  the  alignment  of  the  weapon  with  the  target  degraded  the 
capability  of  the  helicopter  to  maintain  impact  In  the  target  urea. 
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68.  Firing  was  conducted  in  two  phases.  During  Phase  I,  the  flight 
controls  were  held  fixed  while  firing  3-second  bursts.  These  data 
are  presented  in  figure  81,  appendix  IV.  In  Phase  II,  corrections 
wore  applied  in  an  attempt  to  maintain  accurate  target  impact.  Time 
histories  of  this  firing  are  presented  in  figures  82  through  84. 
Qualitative  evaluations  of  pilot  effort,  noise  and  vibration  level 
were  made.  Time  histories  of  control  positions,  helicopter  attitudes 
and  rates  were  recorded  on  an  oscillograph.  The  duration  of  the 
firing  burst  was  restricted  to  3  seconds  by  a  limiter  built  into  the 
firing  circuit. 

69.  Firing  runs  were  made  from  a  low  level  (approximately  50  feet) 
and  during  dives  from  1500  feet  above  ground  level  (AGL) ,  Each 
firing  run  was  followed  by  a  steep  climbing  turn  to  the  right.  The 
right  turn  was  considered  to  be  the  most  critical  condition  for 
control-margin  evaluation.  Firing  conditions  are.  presented  in 
table  8. 

70.  Firing  from  a  hover  caused  the  most  problems  for  the  pilot. 
Prcci.se  aiming  was  extremely  difficult  because  of  a  tendency  to 
overshoot  the  desired  point  when  attempting  to  make  small  heading 
corrections.  This  problem  was  compounded  during  firing  by  the 
large  reaction  in  the  pitch,  roll  and  yaw  axes  resulting  from  weapon 
firing.  When  corrections  were  not  applied  to  hold  the  aircraft  atti¬ 
tude,  the  heading  changed  47  degrees  (to  the  left),  and  the  nose 
pitched  down  17  degrees  at  the  end  of  a  3-second  burst  at  the  maxi¬ 
mum  rate  of  fire  (4000  rds/min)  with  the  weapon  horizontally  aligned 
(fig.  81,  app  IV),  The  helicopter  had  adequate  control  power  avail¬ 
able  to  maintain  control  and  to  correct  the  target  alignment,  but 
the  high  yaw  rate  (reaching  a  maximum  of  24  deg/scc  to  the  left)  , 
resulting  from  the  firing,  and  the  difficulty  encountered  in  main¬ 
taining  precise  directional  control  prevented  hitting  the  target 
consistently  (fig.  84).  Correction  caused  the  hits  to  "walk"  acroys 
the  target,  and  the  hits  could  not  be  held  within  the  target  area 
consistently . 

71.  Targets  were  engaged  :Ln  iorward  flight  at  representative  air¬ 
speeds  at  low  altitudes  and  also  during  dives  from  1500  feet  AGE. 

Each  target  attack  run  was  followed  by  a  steep  climbing  turn  up  to 
bank  angles  of  60  degrees.  Despite  the  roll  that  resulted  from 
firing,  adequate  control  margin  was  available  for  executing  evasive 
maneuvers . 
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72.  Difficulty  was  encountered  in  establishing  precise,  aim  before 
firing  because  of  excessive  vertical  vibration  of  the  sight  reticle 
(IIQRR  5)  and  the  difficulty  In  making  small  directional  corrections. 
Use  of  the  lateral  cyclic  control  alone  to  make  directional  correc¬ 
tions  was  not  suitable  because  of  the  excessive  lapsed  time  before 
the  turn  could  be  completed  (approximately  2  seconds) .  Attempts 
to  coordinate  pedal  and  cyclic  control  required  excessive,  pilot 
effort  In  order  to  maintain  balanced  flight  because  of  the  disharmony 
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of  Uliu  control  forces  (disproportionate  pedal  forces).  The  use  of 
the  pedals  alone  resulted  in  excessive  sideslip.  The  difficulty 
in  holding  precise  headings  makes  the  consistency  of  achieving  first 
round  hits  on  a  target  very  poor.  Sight  reticle  vibration  is  a 
shortcoming  which  would  adversely  affect  mission  accomplishment, 
and  correction  is  recommended. 

73.  Attitude  excursions  which  resulted  from  firing  during  forward 
flight  were  not  large  but  did  cause  significant  dispersion  of  hits 
(figs.  82  and  83,  app  IV).  Control  power  was  adequate  for  control 
of  the  helicopter  and  to  correct  for  attitude  disturbances,  but  it 
was  impossible  to  maintain  Impact  on  a  point  target. 

74.  Noise  and  vibration  levels  were  evaluated  qualitatively  based 
on  their  effects  on  the  pilot's  ability  to  perform  the  mission. 

During  firing,  the  Increase  in  the  vibration  level  was  moderate 
and  did  not.  seriously  affect  the  flying  qualities  of  the  helicopter 
(ltQRS  3).  The  increase  in  noise  level  was  high  during  firing, 
particularly  in  the  dooro-off  configuration,  Kxcossive  noise  in 
the  intercom  made  conversation  difficult  to  understand  over  the 
Intercom  and  would  make  radio  transmission  difficult  during  a  combat 
situation.  Correction  of  this  shortcoming  is  recommended. 

75.  Changes  in  helicopter  attitude  which  resulted  from  firing  were 
related  to  airspeed,  rate  of  fire  and  weapons  position  (relative 

to  the  horizontal  axis)  as  shorn  in  figure  81,  appendix  IV.  The 
magnitude  of  the  changes  decreased  with  increasing  airspeed  and  was 
less  at  the  reduced  rates  of  firu.  Firing  of  the  weapon  in  the 
horizontal  or  elevated  positions  resulted  in  a  left  yaw,  left  roll, 
and  a  nose-down  pitch  attitude.  Firing  of  the  weapon  in  the  depressed 
position  resulted  in  a  left  yaw,  right  roll,  and  nose-down  pitch 
attitude. 

76.  Adequate  control  power  was.  available  to  correct  for  the  atti¬ 
tude  changes  observed  in  all  flight  conditions  tested,  and  no  change 
in  the  stability  characteristics  was  noted;  however,  excessive  pilot 
effort  was  required  to  correct  the  point  of  impact  back  to  the  target, 
in  addition,  a  high  level,  of  pilot  effort  was  required  to  make  minor 
directional,  aiming  corrections  prior  to  Initiating  firing  (lll)HS  5). 
Correction  of  the  difficulty  in  making  precise  heading  corrections 

is  recommended  to  improve  service  suitability. 

FLIGHT.  CONTROL  SYSTFM 

77.  The.  fl  ight  control  system  was  evaluated  to  determine  the  con¬ 
trol  breakout  forces  (total  force,  Including  friction,  required  to 
initiate  control  movement),  force  gradients  and  maximum  flight 
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control  forces,  and  also  to  determine  compliance  with  the  require¬ 
ments  of  the  mil  spec.  The  system  was  tested  with  and  without  the 
hydraulic  boost  system  in  operation.  The  breakout  forces  and  force 
gradients  were  measured  on  tiie  ground  with  the  helicopter  roLor 
stationary  using  hydraulic  pressure  applied  from  an  external  source. 
Although  the  mil  spec  breakout  force  requirements  are  specified  in 
terms  of  in-flight  conditions,  common  test  procedure  has  been  to 
consider  ground  measurements  valid.  The  boost-OFF  forces  wore  also 
measured  during  normal  flight  maneuvers  (see  time  histories  of  sym¬ 
metrical  pull-up,  left  sideward  flight  and  landing,  figs.  62,  76 
and  90,  app  IV).  The  results  are  presented  in  figures  85  through  90. 

78.  The  boost-ON  longitudinal  breakout  forces  (fig.  86,  app  TV)  were 
measured  with  the  force  trim  switch  both  ON  and  OFF  and  with  the 
cyclic  friction  OFF.  The  force-trim-ON,  friction-OFF  breakout  force 
was  1.7  pounds  (pull  force)  which  slightly  exceeded  the  1.5-pound 
limit  imposed  by  paragraph  3.2.7  of  the  mil  spec.  Longitudinal  break¬ 
out  forces  in  flight  were  not  objectionable  and  allowed  small,  smooth, 
precise  control  displacements  from  trim.  All  longitudinal  force 
gradients  (force  trim  ON)  were  positive.  With  cyclic  friction  applied 
during  a  normal  flight  adjustment,  the  foree-ti:im-ON  stick  force 
gradient  was  smooth,  and  there  were  no  discontinuities  recorded. 

79.  The  lateral  breakout  forces  (boost  ON)  wore  measured  (fig.  87, 
app  XV)  with  the  force  trim  both  ON  and  OFF  using  a  normal  flight 
application  of  cyclic  friction  (force,  trim  ON).  The  maximum  lateral 
breakout  force  (force  trim  ON,  friction  OFF)  was  0,8  pound  and  com¬ 
plied  with  the  requirements  of  paragraph  3.3.13  of  the  mil  spec.  The 
force  gradient  was  positive  at  all  times,  and  the  requirements  of 
paragraph  3.3.11  of  the  mil  spec  were  met.  No  undesirable  discon¬ 
tinuities  in  the  lateral  force  gradient  were  observed  during  flight. 
There  was  no  binding  in  the  system  with  cyclic  friction  applied. 

80.  The  maximum  pedal  breakout  force  (fig.  85,  app  TV)  measured  on 
the  ground  was  approximately  9  pounds  (right)  and  exceeded  the 
7-pound  limitation  of  paragraph  3.3.13  of  the  mil  spec,  The  direc¬ 
tional  control  force  gradient  was  nonlinear  over  the  entire  trim 
range  and  was  negative  to  the  right  of  the  trim  position.  These 
results  do  not  meet  the  requirements  of  paragraph  3.3.11  of  the 
mil  spec. 

81.  Pedal  breukout  forces  varied  with  the  flight  condition.  They 
were  approximately  the  same  in  level  flight  as  those  measured  on  the 
ground,  whereas  the  forces  were  considerably  greater  during  hovering 
flight  as  can  be  seen  in  a  time  history  of  a  typical  landing  approach 
(fig.  90,  app  IV).  The  pedal  forces  reached  a  maximum  transient  value 
of  49  pounds  during  left  sideward  flight  at  15  KTAS  (fig.  76).  .  This 
force  is  considered  to  be  excessive  and,  therefore,  did  not  meet'  the 
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qualitative  requirements  of  deviation  19  of  the  detail  specification. 
The  15-pound  directional  control  force  limitation  of  paragraph  3.3.12 
of  tile  mil  spec  was  not  met. 

82.  Pedal  free  play  (pedal  travel  necessary  to  cause  a  deflection 
of  the  tail-rotor  control  surface)  was  measured  on  the  ground  and 
was  found  to  be  ±0.1  inch  which  meets  the  requirements  of  para¬ 
graph  3.5.10  of  the  mil  spec.  However,  the  total  effect  of  this 
free  play  in  conjunction  with  the  excessive  pedal  breakout  forces 
was  considered  to  be  a  contributing  factor  to  tlic  directional  con¬ 
trol  in  a  hover  (discussed  in  para  65) . 

83.  The  maximum  collective  breakout  force  (fig.  88,  app  IV) 

(boost  ON,  friction  OFF)  measured  at  a  typical  collective  setting 
of  5  inches  was  approximately  4.3  pounds  (pull).  Although  this 
exceeded  the  requirements  of  paragraph  3.4.2  of  the  mil  spec  by 
1.3  pounds,  the  boost-ON  collective  breakout  force  was  not  con¬ 
sidered  to  be  objectionable  in  flight. 

84.  Some  control  coupling  (boost  ON)  existed  between  the  collective 
and  the  longitudinal  control  (fig.  89,  app  IV).  When  the  collec¬ 
tive  was  moved  upward,  a  0.5-pound  forward  force  was  transmitted  to 
the  cyclic  control.  Although  this  force  coupling  did  noL  meet  the 
requirements  of  paragraph  3.4.3  of  the  mil  spec,  it:  was  not  objec¬ 
tionable  to  the  pilot  because  the  use  of  a  small  amount  of  cyclic 
friction  eliminated  the  effect. 

85.  The  longitudinal  force  gradient  was  approximately  1.42  lb/in. 
as  compared  with  a  lateral  gradient  of  0.88  lb/in.  (boost  ON,  fric¬ 
tion  OFF).  The  gradients  did  not  change  when  cyclic  friction  was 
applied.  Control  harmony  among  the  lateral,  longitudinal,  and  col¬ 
lective  controls  was  satisfactory  except  in  those  instances  in  whicn 
high  pedal  forces  were  encountered. 

86.  The  longitudinal  control  free  play  (boost  OFF)  was  measured 
and  found  to  be  ±0.53  inch,  and  the  lateral  free  play  (boost  OFF) 
was  found  to  he  ±0.91  inch.  These  free-play  measurements  exceeded 
the  limitations  of  paragraph  3.5.10  of  the  mil  spec  by  0.33  inch 
and  0.71  inch,  respectively. 

87.  Excessive  coupling  between  the  cyclic  and  collective  controls 
existed  with  the  boost  OFF  (fig.  89,  app  IV).  Raising  the  collec¬ 
tive  control  caused  a  maximum  puli  force  of  6  pounds  to  be  trans¬ 
mitted  to  the  cyclic  control  which  exceeded  the  1-pound  maximum 
limitation  of  paragraph  3.4.3  of  the  mil  spec.  Lowering  of  the 
collective  caused  a  push  force  of  4.2  pounds  to  he  transmitted  to 
the  cyclic  control. 
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88.  All  of  the  maximum  breakout  forces  (boost  OFF)  were  found  to 
be  excessive  (fig.  85,  npp  IV).  The  maximum  longitudinal  force,  was 
measured  at  14,5  pounds  (pull);  the  maximum  lateral  force  was 
13  pounds  (left  from  neutral)  ;  and  the  maximum  collective  force  was 
38  pounds  (up  from  the  5-inch  collective  setting) .  These  forces 
are  shown  in  time  history  plots  of  the  data  which  were  measured 
in  flight  (figs.  62  and  90),  and  each  exceeded  the  limits  of  para¬ 
graphs  3.2.7,  3.3.13  and  3.4.2  of  the  mil  spec.  The  boost-OFF 
lateral,  longitudinal  and  collective  breakout  forces  were  considered 
acceptable  for  emergency  use  only  (HQRS  6) . 


VIBRATION 

89.  Vibrations  in  the  helicopter  were  measured  at  the  various 
flight  conditions  listed  in  table  j).  Accelerometers  were  installed 
at  the  pilot  seat  and  the  passeugotrvseat  to  measure  lateral  and 
vertical  vibrations.  Vibration  frequencies  were  analyzed  at  mul¬ 
tiples  of  one-,  two-,  four-,  six-  and  eight-pur-rotor-revolution. 
Single-amplitude  vibration  and  acceleration  levels  were  plotted  as 
a  function  of  airspeed  and  are  presented  in  figures  91  through  95, 
appendix  IV.  Maximum  recorded  vibration  levels  are  listed  in  table  9. 

90.  All  lateral  vibration  levels  were  insignificant  (0.11  g  or  less) 
and  complied  with  the  requirements  of  the  mil-spec.  The  predominant 
vertica"  vibration  was  the  two-per-revolution  which  increased  sig¬ 
nificantly  with  increasing  airspeed  at  airspeeds  greater  than 

50  KCAS .  The  vibration  level  at  this  frequency,  as  well  as  the 
six-per-revolution  vibration,  exceeded  the  limit  of  paragraph  3.7.1(b) 
of  the  mil  spec  for  several  conditions  listed  in  table.  9.  The 
two-per-revolution  vibration  became  severe  as  VEE  was  approached. 
Although  this  provided  an  ample  cue  to  warn  the  pilot  of  impending 
blade  stall,  the  vibration  level  near  Vjje  was  uncomfortable  and 
degraded  the  target  tracking  task  (IIOKS  4).  Correction  of  this 
shortcoming  is  recommended  for  improved  service  use.  Increasing 
the  maximum  level-flight  speed  capability  of  the  Oil— 58A  to  speeds 
more  closely  approaching  V^g  would  probably  increase  the  vibrations 
to  a  level  which  would  be  unacceptable  for  sustained  level-flight 
operations.  At  airspeeds  of  100  KCAS  and  less,  the  vibration  levels 
were  satisfactory  (HQRS  3).  Varying  the  flight  conditions  or  removing 
the  armament  subsystem  did  not  significantly  affect  the  vibration 
levels.  Vibration  levels  In  climb  and  nutorotation  did  not  vary  sig¬ 
nificantly  from  those  recorded  during  level  flight. 
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SLOPE  LANDING 


91.  An  evaluation  was  conducted  to  investigate  the  slope-landing 
characteristics  of  the  OH-58A.  IL  was  impossible  to  land  safely 
on  a  10-degree  slope  (measured  with  an  inclinometer)  with  the  left 
skid  uphill.  The  helicopter  could  be  landed  safely  with  the  nose, 
tail  and  right  skid  uphill  on  a  10-degree  slope,  although  the  .latter 
orientation  required  the  application  of  full  right  cyclic  control. 

It  is  doubtful  that  the  maneuver  would  bn  acceptable  to  the  average 
pilot  who  would  probably  abort  the  landing  when  full  lateral  travul 
of  the  cyclic  had  been  reached.  When  the  left  skid  was  uphill,  the 
maximum  slope  capability  was  approximately  9  degrees. 

92.  The  landing  surface  at  the  test  site  consisted  of  a  dry,  well- 
graded,  firmly  compacted,  clay/sand  desert  soil  with  an  approximate 
California  bearing  ratio  of  1C  and  a  25-degree  angle  of  repose. 

Surface  winds  during  the  test  were  steady  at  10  to  15  knots  and 
provided  a  head-wind  condition  when  the  left  side  of  the  helicopter 
was  "upslope."  The  method  of  test  was  to  perform  landings  on  pro¬ 
gressively  steeper  slopes  using  cyclic  control  as  required  to 

hold  the  aircraft  against  the  slope  whilo  the  collective  pitch  was 
lowered  smoothly  and  gradually.  When  the  skids  were  firmly  set  on 
the  ground  with  no  tendency  to  slip,  the  collective  control  was 
placed  in  the  full  down  position,  and  the  cyclic  control  was  centered. 
The  reverse  sequence  was  used  to  lift  off  and  return  to  a  hover. 

In  the  left-skid-uphill  test,  the  left  skit!  (.ended  to  slide  down  the 
10-degree  slope  despite  the  use  of  full  left  .lateral  cyclic  and  the 
lowering  of  the  collective  control  to  the  polet  where  the  downhill 
(right)  skid  was  still  4  to  5  inches  from  the  round. 

93.  The  requirements  of  paragraph  3.8.1  of  the  detail  specification 
were  not  met  in  that  the  helicopter  could  not  land  safely  on  a 
10-degree  slope  from  nil  directions.  It  should  be  noted,  however, 
that  several  possible  variables  could  have  affected  the  slope-landing 
capabilities:  soil  type  and  condition,  wind,  and  pilot  technique. 
Since  these  variables  are  not  defined  in  the  detail  specification, 
the  results  of  the  teat  are  not  conclusive  evidence  that  the  require¬ 
ments  cannot  be  met. 


SKI  INSTALLATION 


94.  A  brief  qualitative  evaluation  was  conducted  to  determine  the 
OI1-58A  flying  qualities  with  Airglas  Corporation  skis  (model  no. 
L27Q0-206)  installed.  The  ski  installation  is  shown  in  photo  1  . 

The  following  tests  were  conducted  at  the  maximum  airspeed  for  level 
flight  (%)  in  the  armed  configuration:  static  and  dynamic  longi¬ 
tudinal,  lateral  and  directional  stability,  maneuvering  stability 
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and  autorotational  entry.  A  slight  two-per-revolution  vibration 
was  observed  in  the  skis,  particularly  the  left  one.  This  vibration 
had  no  discernible  effect  on  the  flying  qualities  or  safety  of  the 
helicopter,  and  the  evaluation  confirmed  the  ability  of  the  OH-58A 
to  fly  safely  with  skis  installed. 


HUMAN  FACTORS 

95.  There  were  no  hand  holds  installed  on  the  helicopter  to  assist 
the  crew  members  in  entering  and  leaving  the  cockpit.  Equipment 
improvement  recommendation  (KIR)  number  619269  was  submitted  on 

5  March  1970  regarding  this  problem.  Ingress  and  egress  were  diffi¬ 
cult,  particularly  for  a  tall  individual,  because  of  the  size  and 
shape  of  the  door.  Correction  of  this  shortcoming  is  recommended 
to  facilitate  crew  Lngress  and  egress. 

96.  Ingress  and  egress  were  further  impeded  by  the  lack  of  hooks 
inside  the  cockpit  on  which  to  hand  the  pilot's  and  copilot's 
helmets.  The  pilot  and  copilot  must  place  their  helmets  either 
directly  in  the  way  on  the  seat  or  floor,  or  depend  upon  another 
individual  outside  the  helicopter  for  assistance,  Correction  of 
this  shortcoming  is  recommended. 

97.  All  four  doors  had  jettison  releases.  The  handles  were  marked 
adequately  and  could  be  operated  easily.  During  a  firing  run, 

the  left  front  door  came  off  at  the  emergency  release  points,  and 
the  cause  was  not  determined.  EIR  number  143940  and  EIR  number 
54574  wore  submitted  regarding  this  problem  on  13  January  and 
17  February  1970,  respectively.  The  emergency  door  release  was 
satisfactory  for  emergency  egress. 

98.  Thu  mechanism  designed  to  hold  the  doors  in  place  when  opened 
during  ground  operation  was  unsatisfactory.  It  was  usually  impos¬ 
sible  to  keep  the  doors  open  without  physically  holding  them.  Cor¬ 
rection  of  this  shortcoming  is  recommended. 

99.  The  pilot  and  copilot  scats  were  comfortable  when  parachutes 
were  not  worn.  No  scat  adjustment  was  provided;  therefore,  when 
parachutes  were  worn,  it  was  necessary  to  remove  the  back  of  the 
seat.  In  these  cases,  the  pilot  and  copilot  were  still  seated 
farther  forward  than  the  normal  position.  A  tall  pilot  wearing 

a  parachute  had  difficulty  obtaining  full  right  cyclic  deflection 
because  the  door  post  restricted  the  movement  of  Ills  right  knee 
to  the  extent  that  his  right  leg  war.  in  the  path  of  the  cyclic 
control.  Since  parachutes  are  seldom  worn  during  normal  operation, 
the  crew  seats  are  satisfactory  for  mission  accomplishment. 
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100.  Tho  antitorque  pedals  are  adjustable  by  turning  a  knob  located 
on  the  floor  just  aft  of  the  pedals.  The  pudal  adjustment  knob  was 
easy  to  turn  by  the  pilot  using  his  foot  and  permitted  a  satisfac¬ 
tory  range  of  pedal  travel  for  most  pilots.  The  adjustment  was  ade¬ 
quate  for  mission  accomplishment  which  is  an  important  consideration 
because  the  seat  is  not  adjustable. 

101.  The  force  trim  butto.i  It.'  located  on  the  top  right-hand  corner 
of  the  cyclic  stick  grip  (looking  forward).  Activation  of  the 
button  required  placement  of  the  pilot's  right  thumb  in  an  awkward 
position  and  resulted  in  a  momentary  reduction  of  control  authority. 

It  is  recommended  that  this  shortcoming  be  corrected  by  relocating 
the  force  trim  button  in  accordance  with  the  position  of  the  standard¬ 
ized  cyclic  grip,  MS87017. 

102.  The  cyclic  and  collective  friction  adjustments  were  satisfac¬ 
tory.  The  throttle  friction  was  excessive  and  was  not  adjustable. 

When  recovering  from  practice  autorotations,  it  was  possible  to 
inudvertently  fall  to  apply  full  power  because  of  the  excessive 
friction,  A  throttle  friction  adjustment  device  is  recommended 

to  correct  this  shortcoming. 

103.  There  is  no  map  storage  compartment  in  the  front  (pilot) 
cockpit.  This  is  unsatisfactory  in  a  warm  weather  environment  where 
the  helicopter  la  flown  with  the  doors  removed.  Installation  of  a 
cockpit  map  storage  compartment  ;Lb  recommended  to  correct  this  short¬ 
coming  . 

104.  The  ventilation  system,  consisting  of  two  snap  vents  in  each 
of  the  four  doors,  was  inadequate  for  warm  weather  operation  with 
the  doors  installed,  based  on  crew  observation,  there  wero  no  engine 
fumes  present  in  the  cockpit  during  ground  or  air  operations;  how¬ 
ever,  the.  pilot  would  probably  become  fatigued  because  of  the  heat. 
Correction  of  this  shortcoming  is  recommended. 


MAINTENANCE  CHARACTERISTICS 
Favorable 

105.  In  general,  tho  maintainability  of  the  helicopter  was  excel¬ 
lent  throughout  the  tost.  "Down  time,"  because  of  maintenance 
problems,  was  almust  nonexistent.  A  total  of  183  flight  hours  was 
accumulated  on  tho  test  helicopter  without  the  occurrence  of  u  serious 
maintenance  problem. 


Unfavorable 


106.  Several  unfavorable  characteristics  were  noted;  these  are 
as  follows : 

a.  The  ground  handling  wheels  were  inadequate.  12IR  Number 
619268  was  submitted  on  5  March  1970  regarding  this  problem.  A 
full  fuel  load  would  cause  the  wheels  to  spread  out,  and  the  tires 
would  become  almost  flat  despite  a  10-psi  overpressure.  Correction 
of  this  shortcoming  is  recommended. 

b.  Ground  handling  was  impeded  by  the  lack  of  handling  points 
on  the  helicopter  both  on^the  tall  section  and  on  the  fuselage  inter¬ 
mediate  or  forward  section.  Correction  of  thiB  shortcoming  is  recom¬ 
mended. 


c.  During  the  high-altitude  testing  (15,000-foot  U^) ,  oil 
leaked  through  tho  outboard  ends  of  the  main  rotor  blade  grips. 

Leakage  was  not  excessive,  but  correction  is  recommended  in  order 
to  preclude  future  problems  during  high-altitude  operation.  EIR 
Number  457831  was  submitted  on  15  October  1969  regarding  this  problem. 

d.  The  fuel  quantity  gauge  indicated  FULL  when  the  VllF  trans¬ 
mitter  was  keyed  or  when  the  force  trim  button  was  actuuted.  Cor¬ 
rection  of  this  shortcoming  is  recommended . 

e.  The  rubber  bumper  located  next  to  the  static  stop  on  the 
tail-rotor  assembly  was  replaced  four  times  during  the  evaluation. 

This  was  a  result  of  the  static  lateral-directional  testing  in 
which  large  sideslip  angles  were  encountered  and  is  not  considered 
to  be  a  shortcoming  for  the  normal  mission. 
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CONCLUSIONS 


GENERAL 

107.  The  following  conclusions  were  reached  as  n  result;  of  the 
stability  and  control  testing  on  the  OH-58A  helicopter: 

a.  The  overall  flying  qualities  of  the  helicopter  are  sat¬ 
isfactory. 

b.  There  are  19  items  of  specification  noncoiupliance.  These 
are  listed  in  appendix  V. 


DEFICIENCIES  AND  SHORTCOMINGS  AFFECTING  MISSION  ACCOMPLISHMENT 

108.  There  were  no  deficiencies  noted  during  the  testing. 

109.  Correction  of  the  following  shortcomings  is  desirable  for 
improved  operation  and  mission  capabilities: 

a.  Dutch-roll  tendency  when  the  helicopter  :Ls  in  a  slight 
left  sideslip  (par a  30). 

b.  Lack  of  yaw  rate  damping  when  the  helicopter  is  in  a 
hover  (para  A3). 

c.  High  boost-OFF  collective  and  cyclic  control  forces  (paras  50 
and  88). 


d.  Directional,  instability  In  left  sideward  flight  at  airspeeds 
between  15  and  25  KIAS  (para  52). 

e.  Difficulty  in  maintaining  precise  directional  control  in 
hover  (para  66) . 

f.  Excessive  vertical  vibration  of  the.  sight  reticle  in  the 
armament  subsystem  (para  72). 

g.  Excessive  noise  In  the  intercom  during  firing  (para  74) . 

h.  Difficulty  in  making  precise  directional  control  corrections 
in  forward  flight  while  aiming  and  firing  the  weapon  system  (para  76). 

1.  Devore  two-per- revolution  vertical  vibrations  at  speeds  near 
Vne  (para  90). 
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j.  Lack  of  hand  holda  on  door  frames  (para  95). 

k.  Lack  of  hooka  in  the  cockpit  on  which  to  hang  helmets 
(para  96). 

l.  Difficulty  in  keeping  doors  open  during  ground  operations 
(para  98). 

m.  Awkward  location  of  force  trim  button  (para  101) . 

n.  Excessive  friction  of  the  Lhrottle  and  no  adjustment 
(para  102) . 

o.  Lack  of  a  cockpit  map  storage  compartment  (para  103). 

p.  Inadequate  cockpit  ventilation  (para  104). 

q.  Inadequate  ground  bundling  wheels  (para  106a). 

r.  Lack  of  ground  handling  points  (para  106b). 

a.  Oil  leakage  through  main  rotor  blade  grips  at  high 
altitude  (para  106c). 

t.  fuel  quantity  gauge  indicated  FULL  when  the  UHF  transmitter 
was  keyed  or  the  force  trim  button  was  actuated  (para  106d) . 
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RECOMMENDATIONS 


110.  The  shortcomings,  correction  of  which  is  desirable  for  the 
improvement  of  the  helicopter  mission  capabilities,  should  be 
corrected  as  soon  as  possible. 

111.  The  directional  instability  in  hover  should  be  improved  on 
a  priority  basis. 

112.  A  caution  note  should  be  placed  in  the  operator's  manual 
warning  against  hovering  in  tail  winds  in  excess  of  30  knotB. 
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APPENDIX  I.  REFERENCES 


1.  Detail  Specification,  Bell  Helicopter  Company,  206-947-031, 
Light  Obo creation  Helicopter,  Revision  No,  R-3,  15  January  1968. 

2.  Letter,  AMCPM-LH-T,  HQ,  USAAVSCOM,  subject:  Test  Directive, 
OI1-58A  Light  Observation  Helicopter  Flight  Test  ATA  Project 

No.  68-30,  7  August  1968. 

3.  Final  Report,  USAASl'Ai  Project  No.  68-30,  Airworthiness  and 
Flight  Qualification  Teat,  Production  OH-58A  Helicopter,  Unarmed 
and  Armed  With  XM27E1  Weapon  Syatcm,  Performance,  June  1970. 

4.  Military  Specification,  MIL-H-8501A,  Helicopter  Flying  and 
Ground  Handling  Qualities ;  General  Requirements  For,  '/  September 
1961,  with  Amendment  1,  3  April  1962. 

5.  Operator's  Manual,  TM  55-1520-228-10,  Army  Model  0H-58A 
Helicopter ,  30  June  1969,  changed  1  November  1969. 

6.  Test  Plan,  USAASTA,  Project  No.  6B-30,  Engineering  Flight 
Teat  of  the  Projection  0H-B8A  Helicopter,  Unarmed  and  Armed  with 
XM27EI  Weapon  Subsystem,  May  1969. 


44 


APPENDIX  II.  TEST  INSTRUMENTATION 


Sensitive  instruments  wore  installed  in  the  test  helicopter  and 
were  maintained  by  the  Instrumentation  Branch  of  USAASTA.  The 
following  parameters  were  recorded: 

Pilot  and  Engineer  Panels 

Airspeed  (boom  system) 

Altitude  (boom  system) 

Angle  of  sideslip 
Rotor  speed 

CG  normal  acceleration 
Free  air  temperature 
Longitudinal  cyclic  stick  position 
Lateral  cyclic  stick  position 
Collective  stick  position 
Rudder  pedal  poaitlon 
Total  fuel  used 

Oscillograph  coordination  counter 
Oscillograph 

Longitudinal  cyclic  stick  force 
Lateral  cyclic  stick  force 
Collective  stick  force 
Rudder  pedal  force 
Longitudinal  cyclic  stick  position 
Lateral  cyclic  stick  position 
Collective  stick  position 
Rudder  pedal  position 
Pitch  attitude. 

Roll  attitude 
Yaw  attitude 
Pitch  rate 
Roll  rate 
Yaw  rate 

Pitch  angular  acceleration 
Roll  angular  acceleration 
Yaw  angulur  acceleration 
CG  normal  acceleration 
Angle  of  attack 
Angle  of  sideslip 
Linear  rotor  speed 
Rotor  blip 
Torque  pressure 


1 


Throttle  position 
Engineer  event 
Pilot  event 

Pilot  vertical  vibration 

(FS  -  73  in.,  WL  «  29  in.,  butt  line  (BL) 
Pilot  lateral  vibration 

(FS  =  73  in.,  WL  -  29  in.,  BL  -  15  in.) 
Passenger  vertical  vibration 

(FS  «  108  in.,  WL  =  32  in.,  BL  =■  0  in.) 
Passenger  lateral  vibration 

(FS  108  in.,  WL  -  32  in.,  BL  *  0  in.) 
Gun  position 
Rate  of  fire 


15  in.) 


.oto  B.  Oscillograpa  Installation. 


APPENDIX  III. HANDLING  QUALITIES 

RATING  SCALE 
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FIGURE  31 

LONGITUDINAL  PULSE  IN  HIGH  SPEED  LEVEL  rllGHT 
OH-58A  USA  S/N  68-16706 


FIGURE  33 

LATERAL  RULS:  IN  HIGH  WEED  LEVEL  FLIGHT 
OH-58A  USA  S/N  68-16706 
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FIGURE  55 

LONGITUDINAL  STEP  IN  LEVEL  FLIGHT 
OH-58A  USA  S/N  68-16704 


ftr  C  C  I 
OMi  11M  WO  Hi 
SJH5NI  -  NOUISOd 
3115X3  lvNiaruioNOi 


oc  oi  0  oi  o: 

dn  ng 

siiaoia- 
lanuuv  H3Hd 


31S/OIO- 
UVH  HOild 


dn . wa 

tDKl  Oia-NOIlVaill33V 
KVinONV  HDild 


simoia~ 
H3VUV  iO  410NV 


la  n 

siiBoia~* 
sunmiv  li  om 


3is/oia~ 
uva  noa 


jlh  n 

l315/OM'''  NOIWH11133V 

aviriONtf  llOM 


SO-NOUVM111WV 
1VWBON  OD 


01  0  OC 

ia  « 

snaoia^ 
lonilliv  MVA 


Dis/oia~ 

11VB  MVA 


U 08  0  M  n 

[DIS/OJO— NOIIVMIUDDV 
avmoNv  mv* 


II  ME -SECONDS 


TIME  -  SECONDS 


DENSITY  ALT1TUOC 


Kteg 

2o& 

Ouu 


ts! 

?§2 

?  m 


■  o 

3o 

u* 


» 


i 


r 


“i 


t  i  o 

un  nni 

WOBl  51HDNI- 

Nouisod  ivaad 


i — r  tH - 1 

0  L  0  OL 

dfi  NO 

snaoia-' 
laruiuv  H3iid 


oi  o  oi 
urt  ,  no 
oK/oia^- 
UVM  HOAliJ 


1 — 1—1 — I — I 

to  o  ac 

M  11 

ciiupia- 

lamiuv  hob 


ois/oia^ 

iivu  HOB 


i — i — i — t — i 

HI*  0  0C  i, 
ois/oia-  Noiiviinia'jv 
avinoNV  non 


rn  r  i  ,r~T — n — i — i — i 
05  0^05  08  j)9  08 

dis/oio- 

IIVU  MVA 


r—i — I — i — i — i  -i — « — i — •  > 

08  05  0  05  00 

,315/010-  NOilVUIIUOV 
HtfinONV  MV  A 


101 


«  '.*•  v »L-. 


TlMI-SKONDS 


FIGURE  5S 

LEFT  PEDAL  STEP  IN  HOVER 


£ 

I 

3 

z 

s 

3 

< 

•o 

I 

O 


z 

-.0 

L  * 

stl 

i2a 

"i 

\  i  > 
►-  * 

§zP 

*8| 

5  3 

loin  u. 

Sol 

o  U  O 


t-S 

sis 


*8* 

3S 

g3o 

3  a 

s|: 

wl  o 
z3ft 

Ui «  O 
OUB 


X 

a 


g 


u 


1M  M 

D1S  1 010  ■*» 
litfd  MW 


oc  o  oc 


tD15l%10-  NOlWMlIlSSr 

minONV  HDAId 

r — r~r — i  i 
ot  0  OE 

ill  11 

.DIS/OIQ  -  NQIlVdniDDV 

BvinoNv  now 

I — 1  1 — I  I  "I  1 

Of  OE  0  OC 

iH  II 

.iis/oia  -  noiivmumv 

«Vim)NV  MVi 


til 


I!ME~SKOND5 


FiGUSE  61 

MANUVER1NG  STABILITY  IN  SYMMETRICAL  MIU-UP 

OH-5SA  USA  S/N  61-16706 


ill/ 


L 

9  C 

Ot  01  0  01  OC 

oc 

01  0  01 

OC 

0*  OC  0  oc 

Ot 

aMi 

nni  won* 

d(l  NO 

dn 

NO 

an 

NO 

3IH3N1 

-  NOIllSOd 

siiwaa'" 

315/010- 

tDBi/OKi'NOIlV«lll33» 

3I13A3 

ivNianiiONOi 

lOfUUlV  H3i.ld 

UVN  HDlId 

NVWONV  HOild 

*  0  *  •  oSi 

OC  0  06  OV 

OC  0  OC 

ot 

M  OC  0 

oc 

iM  11 

id 

11 

1M 

n 

mvoiQ^ 

tllltVIO'' 

315/010*“ 

jDIS/OlG^NOUVBimJV 

X3VUV  iu  HONV 

laiumv  non 

uvh  iioo 

hvwonv  non 

5,o  ~  nouvuiikov 

snuoia- 

315/010'- 

c31$/OIQ~NOIiVM11133V 

ItfWMON  03 

laniiiiv  mva 

BiVM  MVA 

nvinoNv  mva 

T  I*.  E-SECONDS 


ruU  l»JU»l  *1Vtk  TRAVtL 


'  I  ' 

K-f*  I 


,  COtUtflV*  ^IKK|  l«»yiL  KM*  lit 


:  i  r.T" 

H  1  !  !  1  V  : 

W*  ,  wwi  lo.:  a  in 

i  ,  ,  1  I  i  i  ’  |  : 


!■!  i; 

'  i  ; 


HT 


1 


Fpuj  ruuicfivu  Hk*|  I* 


tAa^L 


l*.!  ■! 

i "  i 

i  o.ik  M  ; 


«  i-'*-**  !'  ®  f  * 


K>U  iPNft^UOWAi  MICK  II  A¥l»_  ■  m* 


TIME  "-SECOND: 


JM  TIME  »ELAY 


TfMI  «IAY  *CK3K!  COUtCTlYI  «TKK 


FIGURE  80 

DNAL  tNTRY  FROM  LEVtl  FLIGHT 
S8A  USA  S m  68- 16706 


3d  ' 
25  t 


0  ►  ft  Cl 

vi  oc  *r. 

OC  01  o  01  Ot 

01 

6  *  l  0  C  i 

suaoia'v 

01N 

dn  Na 

a  am  nnj  wolid 

XDViiV  dO  110NV 

SUifJJ0~ 

«HDNI~  NOlUSOd 

lonmiv  HOild 

3I13A3  IVNiamiONOI 

wda~ 

UlldS  woioa 


S13U93C’  ' 

lonmiv  noH 


juai  liru  woui 

S1H3NI  "J  NOlilCOd 
3M3A*J  IVMJiVl 


001  06  0 

9  01  09  OC  Of 

iSd  — 

suncciud  inoaoi 

OC 

OC  01  OL  0  OC 

AM 

SllMOId~ 
lanuuv  mv  a 

Of  P 

11 

c  C  l 

u»  vuw 

WO  Mi  S1H3NI* 

Noiiicod  ivaid 

HidQ  n n -4 

NOUISOd 

nai 

11UOUH1 

t  n 

1  T  " 

#  W 

•  i  i  i 

v  c  c  i 

NMQ  liru  WOMd 
S1H3NI  -v  NOUICCM 
>I3I«  lAUDmOD 

UME~5£CONDS 


FIGURE  82 
FIRING  —  LOW  SPEED 
OH-58  USA  S/N  16706 


80-0 
noq 


L 


1 


’  i 


U  L  V  tf 
omj  vim  woai 

S1H3NI*  NOlilSOd 
31130  IVNianilONOl 


I - 1 - 1 - 1 - 1 - > 

oe  at  o  Ob  ob  oti 

id  n 

<HW«'A19HW  WOMi  NOliVIAia 

avinoNv  mva 


SHU910 
janiiiiv  nou 


un  nni  wc  di 

B1H3NI"  NOlilSOd 
3113*3  1VMUV1 


nobvi  iio  1'iia 


_  0001 

(lONvaU  (suw) 


i  liON 


I - I — I — T-1 

0 1  0  01 

i«  n 

ClltfOlU* 
lonilliv  MVA 


i  —  r — i 
ox  si  01 
un  nni 

WOHi  S1H3NI- 
NOlilSOd  1VG3d 


>>1.4 


133 


FIGURE  83 
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approximately  linear 
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Pedal  and  lateral 
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nonlinear 

32 
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lateral-directional 
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Some  negative  gradients 
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collective 
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force 
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Control  system 
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US  Army  Aviation  Systems  Command 
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- 

2 

AMSAV-D-2D0R 
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2 

AMSAV-D-W 
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- 

2 

AMSAV-R-R 
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1 

PO  Box  209 

St.  Louis,  Missouri  63166 

Commanding  General 

US  Army  Materiel  Command 

ATTN :  AMCPM-LH 

5 

1 

25 

PO  Box  209 

St.  Louis,  Missouri  63166 


Commanding  General 
US  Army  Materiel  Command 

ATTN i  AMCRD  212 

AMCAD-S  1 

AMCPP  1 

AMCMR  2-2 

AMCQA  1 

Washington,  D.  C,  20315 


Commanding  General 
US  Army  Combat  Developments 
Command 

ATTN:  .  USACDC  LnO  11  11  11 

PO  Box  209 

St.  Louis,  Missouri  63166 

Commanding  General 
US  Continental  Army  Command 

ATTN:  DCSIT-SCH-PD  1 

Fort  Monroe,  Virginia  23351 
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Test  Interim  Final 
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Agency  — - 

Commanding  General 

US  Army  Test  and  Evaluation 

Command  92  2 
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Aberdeen  Proving  Ground, 

Maryland  21005 


Commanding  Officer 
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Commanding  General 
US  Army  Aviation  Center 
Fort  Rucker,  Alabama  36362 

Commandant 

US  Army  Primary  Helicopter  School 
Fort  Wolters,  Texas  76067 

President 

US  Army  Aviation  Test  Board 
Fort  Rucker,  Alabama  36362 

Director 

US  Army  Board  for  Aviation 
Accident  Research 
Fort  Rucker,  Alabama  36362 

President 

US  Army  Maintenance  Board 
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US  Army  Electronics  Command 
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US  Army  Weapons  Command 
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(Airborne  Armament  Flying) 

Rock  Island  Arsenal 
Rock  Island,  Illinois  61202 

Commandant 
US  Marine  Corps 
Washington,  D.  C.  20315 

Director 

US  Marine  Corps  Landing  Force 
Development  Center 
Quantico,  Virginia  22133 

US  Air  Force 

Aeronautical  Systems  Division 
ATTN:  ASNFD-10 

Wright  Patterson  Air  Force  Base, 

Ohio  45433 

Air  Force  Flight  Test  Center 
ATTN :  PSD 
SYSE 

Edwards  Air  Force  Base, 

California  93523 

Naval  Air  System  Command 
Headquarters  (A530122) 

Department  of  the  Navy 
Washington,  D.  C.  20350 

Commander  1 

Naval  Air  Test  Center  (FT23) 

Patuxent  River,  Maryland  20670 

Federal  Aviation  Administration 
ATTN:  Administrative  Standards 
Division  (MS-110) 
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Final 
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Test 
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Final 
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Reports 

Department  of  the  Army 

Office  of  the  Chief, 

Research  and  Development 

ATTN:  CRD 

Washington,  D.  C.  20310 

7 

- 

7 

Department  of  the  Army 

Deputy  Chief  of  Staff  for  Logistics 
ATTN:  LOG /MED 
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LOG/SAA-ASLSB 

- 

- 

1 

Washington,  D.  C.  20310 

Director 

US  Army  Aeromedical  Research  Unit 

Fort  Rucker,  Alabama  36360 

“ 

1 

Hell  Helicopter  Company 

Military  Marketing  Rales  Engineering 
PO  Box  482 

Fort  Worth,  Texas  79901 

5 

Allison  Division  of 

General  Motors  Corporation 

PO  Box  894 

Indianapolis,  Indiana  46206 

5 

Defense  Documentation  Center 

— 

- 

20 

Cameron  Station 
Alexandria,  Virginia  22314 
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US  ARMY  AVIATION  SYSTEMS  TEST  ACTIVITY 
EDWARDS  AIR  FORCE  BASE,  CALIFORNIA  93523 


UNCLASSIFIED 


|J.  RKPORT  TITLE 


AIRWORTHINESS  AND  FLIGHT  CHARACTERISTICS  TEST,  PRODUCTION  OH-58A  HELICOPTER 
UNARMED  AND  ARMED  WITH  XM27E1  ARMAMENT  SUBSYSTEM,  STABILITY  AND  CONTROL 


4  OE»cmPTiVE  NOTH  of  r*pott  and  /ncfua/ve  dmfM) 

FINAL  REPORT,  August  1968  through  June  1970 

9.  au  rnoRisi  (Flrxt  n\lddlv  inlllal,  fail  name)  " 

EMMETT  J.  LAING,  Project  Engineer 

WILLIAM  A.  GRAHAM,  JR.,  LTC  TC,  US  Army,  Project  Officer/Pilot 
PAUL  0.  STRINGER,  MAJ  CE,  US  Army,  Project  Pilot 


«.  REPORT  OATS 

OCTOBER  1970 

VCONTNACT  OB  OMNT  NO. 


TOTAL  NO.  CP  PA0E8 


7b.  NO.  OF  HE  FI 

6 


84,  ORIGINATOR1!  FRCPQRT  NllMB[R[>) 


b.  P  ROJKC  T  NO. 


USAAVSCOM  PROJECT  NO.  68-30 


USAASTA  PROJECT  NO.  68-30 


USAASTA  PROJECT  NO.  68-30 

8b,  other  report  NO(D  (Any  other  rtumb«ra  f/i«l  muy  be  MSft/InftiT* 
f hit  fpott) 

N/A 


Wfa  "ioc^ment  may\jc  lurtl!^:  distributed  by^/t^holder  on^y^Th  sper^H? 
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ic  \nrior 
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m.  lUPPLEMtNTABV  NOTES 


II.  IPONHOHIIJO  MIUTANV  ACTIVITY 

US  ARMY  AVIATION  SYSTEMS  COMMAND 
ATTN !  AMSAV-U-F 

PO  Box  209,  St.  Louis,  Missouri  63166 


Stability  and  control  tests  were  conducted  on  a  production  model 
0H-58A  helicopter  to  evaluate  its  flying  qualities  in  the  unarmed 
configuration  and  in  an  armed  configuration  with  the  XM27E1  weapon 
system.  Limited  testing  was  also  performed  to  evaluate  the  heli¬ 
copter  slope  landing  capabilities  and  flying  qualities  with  skis 
installed.  Human  factors  and  maintainability  characteristics  were 
noted  throughout  the  evaluation.  Testing  was  performed  by  the 
US  Army  Aviation  Systems  Test  Activity,  Edwards  Air  Force  Base, 
California,  between  6  October  1969  and  16  February  1970.  The  test¬ 
ing  consisted  of  89  flights  which  totaled  85.3  hours  of  productive 
flight  testing.  There  were  no  deficiencies  recorded.  Eighteen 
shortcomings  are  reported.  Difficulty  in  maintaining  precise 
directional  control  during  hovering  flight  is  a  shortcoming  which 
warrants  improvement  on  a  priority  basis.  This  shortcoming  requires 
excessive  pilot  effort  and  degrades  the  accuracy  in  firing  of  the 
XM27E1.  armament  subsystem.  It  is  recommended  that  a  caution  note 
be  placed  ir  the  operator’s  manual  warning  against  hovering  in  a 
tail  wind  In  excess  of  30  knots.  The  capability  of  landing  on  a 
10-degree  slope  was  marginal  but  is  not  considered  to  be  a  short¬ 
coming.  Flying  qualities  of  the  aircraft  wLth  skis  Installed  were 
satisfactory.  Maintainability  of  the  helicopter  wrt3  excellent 
throughout  the  test  program. 
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